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EXECUTIVE SUMMARY 


The government agencies and landowners in Winona County became 
involved with the Rural Clean Water Program when they were 
notified by state level USDA agencies that the program 
existed. Three seperate watersheds in the county were 
suggested as possible project sites. Joint meetings were held 
with local agencies from other counties which share areas of 
two of the watersheds. In the end, it was decided that the 
best opportunity for success would be to choose the watershed 
that was completely contained in Winona County —- the Garvin 
Brook Watershed. 


Agency personnel then met with members of the Garvin Brook 
Citizens Committee and other interested landowners to introduce 
the program and determine if there would be adequate backing 
for the project. Local support appeared to be very 
enthusiastic so application for funding was made by the 
agencies involved. 


When the Local Coordinating Committee received word that 
Funding was approved for the Garvin Brook RCWP, the project was 
announced immediately through all forms of media and landowners 
were encouraged to come to the Ag. Service Center to obtain 
details about the program and enter into contracts to complete 
Best Management Practices. After signing the first few 
contracts it became clear that the landowners did not realize 
initially that they would be required to correct all water 
quality problems on the area of the farm located in the project 
area. Many assumed that they would sign up for the practices 
that they wanted, when they wanted, and that would be the 
extent of their participation. Also, the first animal waste 
system designed under the project was a comparatively expensive 
system. And many producers in the project area had been 
pasturing the stream bank. When they were told that they would 
need a waste system and/or that they would be required to fence 
the cattle out of the stream, they refused to sign. 


ip became Gifficult fo work with potential participants after 
the initial newness of the project wore off, mainly because 
they felt the practices were too expensive, or that they could 
not adapt certain BMPs to their operation. Also, the years 
1983 - 1987 saw a period of moderate to severe financial 
hardship for most farmers. As participation began to lag, some 
bickering began between agencies and within agencies regarding 
responsibilities and questions were raised whether the public 
was still behind the project. 


As the project progressed and monitoring data was obtained, it 
became evident that with the Karst topography of the area, it 
was impossible to differentiate between surface water and 
groundwater. The LCC decided to expand the project area to 
include the groundwater recharge area of Garvin Brook. BMPs 
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that would limit the leaching of nitrate-nitrogen into ground 
water were emphasized. Sinkhole repair and abandoned well 
sealing practices became an important part of many of the 
contracts signed by producers in the expanded area. 
Conservation tillage practices gained additional acceptance and 
the Local Technical Committee developed an addition to BMP-15 - 
Fertilizer Management entitled Split Nitrogen Application. 


The well water sampling of the Garvin Brook area began in 1983 
and the results of this testing encouraged increased 
participation and the use of these BMPs in the groundwater 
recharge area. It is a fact that there are many variables 
which determine the amount of nitrate-nitrogen in an individual 
well but producers became more conscious of what they could do 
to attempt to alleviate the high levels of this chemical in the 
well water aquifers. 


As time to sign contracts expired, the LCC was somewhat 
disappointed about how many landowners had participated. One 
family in particular allowed their beef herd to over-graze much 
of the riparion area and woodland above the south branch of 
Garvin Brook and also pastured the stream itself. One of the 
family members even attended LCC meetings initially but they 
could not be convinced that these practices are detrimental to 
quality of the brook water. 


It will be interesting to study monitoring results from well 
samples or the water tests done in 5, 10 or 20 years from now 
to determine whether these practices have made a difference in 
the quality of the surface and ground water of the Garvin Brook 
area. Agencies and groups involved felt proud to be a part of 
this project and are convinced that the efforts made by 
everyone will have a positive effect on water quality, not only 
in the Garvin Brook watershed but throughout the area and 
beyond. 
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PROJECT FINDINGS AND RECOMMENDATIONS 


- Don't be afraid to expand project if newly realized problems 
are identified that can be addressed through program. 


- Ensure adequate funding/assistance is available to perform 
monitoring activities before, during and after project. 
Monitoring provides justification, shows results and identifies 
potential project weaknesses. It is as important as any other 
phase of the project. 


- If certain BMPS are not accepted by potential participant, 
adjustments should be made to develop contracts that provide as 


much treatment as possible. The sponsors best judgement must be 
used in deciding what BMPs can be forgone in which cases for the 
good of the project. Example: stream corridor fencing. 


- RCWP should include funds to hire a project coordinator who 
would not have close ties but be familiar with all government 
agencies involved. This individual would also be comfortable 
with communicating one on one with project area landowners and 
participants. 


- Pre-screen potential participants to establish project 
participation. Make sure they Know and understand the 
requirements if they sign a contract. 


- Have plot studies and field demonstrations in the project 
area to convince and encourage producers to participate and give 
them confidence in the BMPs. 


- A period of time should be allocated for gathering baseline 
data before implementation of BMPs. Water quality monitoring 
and data evaluation are essential in showing the need for BMPs. 
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Overview of Project - 


The Garvin Brook watershed is centrally located in Winona 
County, Minnesota which is in southeast Minnesota. 

Winona County's eastern border is the Upper Mississippi 
River. 4 


Dairying and cash grain operations are the primary farm 
enterprises. 


Water quality problems exist in both the surface water 
and in the groundwater resources. 


The original project area was the surface watershed area 
of Garvin Brook. An additional area, the groundwater 
watershed of Garvin Brook, was added to the project in 
1984. Also added to the project was BMP-15 which 
provides participating producers an incentive payment to 
apply a percentage of their nitrogen needs before 
planting and the remainder after the corn plant has 
reached a stage of maturity that can better utilize the 
additionars rertilizer’. 


At the commencement of the project, the critical area was 
defined as those areas within 300 feet of open flowing 
water, sinkholes, abandoned or contaminated wells, and 
feedlots that had a high rating in the Minnesota 
Pollution Control Agency Animal Waste modeling system. 
In 1985 the critical area of the project was redefined. 
The addition of the groundwater watershed required that 
the critical area be increased. Also, the AGNPS I Model 
has allowed the technical agencies to become quite 
specific in designating priority areas for needed 
treatment. 


Since 1985, the designated critical area has included 
that portion of the groundwater watershed area that has a 
high susceptibility for groundwater contamination, and 
those subwatershed areas in the surface watershed area 
with high and moderate sediment loads and moderate 
nitrogen and phosphorous loads. 


In August of 1987 the LCC submitted an amendment to the 
existing plan of work to the RCWP NCC to allow for 
additional contracting through 1965." In+ March oF 1988 
the LCC received word that their request was granted and 
$292,000 additional funding could be encumbered for 
BMP's. A copy of this amendment as well as tables 
reflecting additional cost is attached to this report. 
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Climate, Physical Setting, Population zi 
Climate Description 


Winona County is cold in winter and quite hot with 
occasional cool spells in summer. Precipitation during 
the winter frequently occurs as snowstorms, and during 
the warm months it is chiefly shower, often heavy, when 
warm, moist air moves in from the south. 


The total annual precipitation averages 33 inches. 24 
inches or 75 percent of the total usually falls in April 
through September, which includes the growing season for 
most crops. 


The average annual snow fall is 48 inches. On the 
average, 52 days have at least 1 inch of snow on the 
ground. 


In winter, the average daily temperature is 17 degrees 
F. The average daily minimum temperature is 7 degrees 
F. In summer, the average daily maximum temperature is 
82 degrees F. 


On the average, Winona County has 2,708 growing degree 
days annually. 


Physical Setting 
Surface Watershed area 


The Watershed is characterized by narrow ridges (less 
than 172 mile wide) and deep, broad valleys (less than 
3/4 mile wide). The relief ranges from 400 to 600 feet. 
Slope lengths average approximately 400 feet. 


Soils on the ridges consist of silt loams ranging from 
1-15 feet thick on summits, and cobbly loams on the 
sideslopes. The ridges are underlain by sandstone and 
dolomite bedrock. Narrow terraces and flood plains, 
primarily consisting of silt loam soils characterize the 
valleys. 


The water shed is approximately 45% farmed summits and 
upper sideslopes, 35% unfarmed valley sideslopes, and 20% 
valley. 


Groundwater Area 


The watershed is characterized by broad ridges (1 to 2 
miles wide narrow drainageways throughout, and narrow 
valleys (25 to 75 feet wide). The relief is less than 
200 feet, Slope lengths average approximately 200 feet. 
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| Size & Number of Farms 
In the Entire Watershed Area 


{i Size % of Total % of Total 
(Acres) Number Acres Operations 
[ Oo- 99 41 2% 13% 
100-1993 82 12% 26% 
200-499 122 45% 45% 
| So00-3999 39 31% 15% 
1000+ 4 10% 1% 
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Soils on the ridges consist of silt loams ranging from 3 
to 20 feet thick on the summits, and cobbly loams on 
Ssideslopes. The ridges are underlain by sandstone and 
dolomite bedrock. The valley soils are silt loams and 
loams with cobbly sediments at the base of gullies that 
dissect the valley sideslopes. 


The watershed is approximately 85% farmed summits and 
upper sideslopes, 15% unfarmed sideslopes, and 10% 
valleys. 


Population 


There are approximately 46,516 acres in the entire 
watershed. About 67% (31,282 acres) of the watershed is 
cropland, 17% (8075 acres) is woodland, and 93% (4081 
acres) is pastureland. Approximately 2% (930 acres) is 
in urban land use. The remainder consist of roads, 
highways, railroads and other uses. 


The breakdown in size of the farming operations is shown 
Me tale i 2s 22s 


Land Use and Existing Agricultural Practices 


Basically, most of the Best Management Practices utilized 
under the RCWP were available and applied by watershed 
land-users prior to the project inception. 


Some were applied on a very limited basis due to high 
cost and low short term returns. An example would be 
BMP-2 Ag Waste Management System. At an average cost of 
$60,000, the average watershed land-user could not 
justify the expense involved. RCWP have these land users 
an opportunity to develop this BMP and reduce pollution 
potential. 


BMP-11 sinkhole treatment and BMP-11 abandoned well 
treatment were practices developed to address specific 
water quality concerns that required new technology. 
These practices were not being utilized prior to RCWP. 


BMP-10 (streambed protection) was used very little and 
not accepted by watershed land users. It was also a 
practice that had to be removed before wide spread 
participation in the program took place. 


Good land treatment was prevalent prior to project 
inception with practices such as conservation tillage, 
crop rotations, contouring and contour strip cropping 
being the norm. 
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Water Quality Problems and Impaired Water Uses 
Surface Water-Garvin Brook-Upper Garvin 


Upper Garvin Brook is a high quality trout stream about 
5.0 miles in length. This stream is not stocked. Trout 
standing crops are depressed in pastured areas. 
Siltation from the upper watershed is hot as big a 
problem as a Stockton Valley Creek, however, fine 
subtrates do decrease the productivity to some riffles 
and pools. Maximum temperatures in the lower most reach 
approach being marginal for trout during periods of 
temperature extremes. 


Surface-Garvin BrooKk-Lower Garvin 


Lower Garvin Brook is 10.2 miles long from the mouth to 
the dam at Stockton. Trout quality diminished rapidly in 
this section of the stream. Stocked fish contribute a 
small portion of the trout population in this reach. 
Between mile marker 9.0 and 8.0 standing crops of trout 
drop below ten pounds per acre (1982 assessment data). 
Water temperatures become marginal in lower five miles of 
stream. 


Trout reproduction is limited because of turbidity, lack 
of coarse bottom substrates, and unfavorable water 
temperatures. Lower Garvin Brook has natural physical 
characteristics which classify it as a marginal trout 
stream (Clow gradient, wide flood plain, fine substrates 
and marginal temperatures). These characteristics are 
severely aggravated by water quality problems in the 
watershed. 


Trout are limited in Lower Garvin largely because of 


siltation (especially Stockton Valley). Siltation occurs 
as both a chronic problem and an acute problem during 
floods. Bank sloughing after floods in a especially 


severe problem on Lower Garvin. 
Surface Water-Stockton Valley Creek 


Stockton Valley Creek is about 7.0 miles long. Because 
of intense pasturing of the stream corridor and 
contributions of the stream corridor and contributions of 
fine sediments from the upper watershed, trout 
productivity is extremely limited in this stream. 
Stockton Valley Creek also contributes to much of the 
siltation problem in Lower Garvin Brook, making that 


stream more marginal for trout. Stockton Valley Creek is 
not stocked, although some trout present are escapees 
from commercial fish rearing operations. Standing crops 


of trout average about 25 lbs/acre (1981 survey) in 
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pastured lowered reaches of this stream. A low 
percentage of the stream flows through a wild wooded 
conridonm. 


Trout (Productivity 


Sediments and the associated temperature increases are 
the major limiting factor for trout in the watershed. 
Sedimentation fills in trout cover, covers up food 
producing and spawning substrates, negatively effect 
incubation trout eggs and fry, and causes an increase in 
water temperatures. 


Older and Abandoned Wells 


Many older and abandoned wells were ungrouted and used 
thin-walled casing, which rusts out and permits surface 
water to enter the well. Also, it was common practice.to 
case older wells only to the first bedrock formation and 
to leave the rest of the well as an open borehole. This 
type of construction interconnects aquifers and allows 
the rapid vertical movement of contaminants to lower 
aquifers. 


Improperly abandoned wells, particularly multiple-aquifer 
wells, pose a potentially serious threat to groundwater 
quality by providing pathways for surface water 
contaminants to enter a bedrock aquifer. 


The Minnesota Department of Natural Resources has a 
policy to seal all Known abandoned wells on property they 
own and on all new land they acquire. 


SinkKholes 


SinkKholes range in size from less than 3 feet to as much 
as 100 feet is diameter and from 1 foot to 30 feet in 
depth. The rate of sediment transport through the 
sinkhole, the interaction between surface water and 
groundwater, and the rate of bedrock dissolution 
determine whether the sinkhole is either actively 
subsiding or passive. Each of these factors may change 
with time and it currently is not possible to predict the 
exact locations of future sinkhole development. 


The funneling of surface contaminants into groundwater is 
increased by erosion around the sinkhole as it develops 
and forms a surface drainage basin. Agricultural 
chemical runoff from fields, barnyard runoff, field or 
septic tiles entering the sinkhole, and waste products 
such as hazardous chemicals and dead animals thrown into 
a sinkhole will contaminate the groundwater. 
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Other environmental problems created by sinkholes are 
physical. All types of facilities such as sewer lines, 
roads, and building foundations may be structurally 
damaged when a sinkhole opens. Water retention 
facilities such as liquid manure storage lagoons, 
municipal waste treatment ponds, and farm ponds are 
highly susceptible to sinkhole collapse, in as much as 
these structures change the water saturation and lower 
the shear strength of surficial materials. Sinkholes 
that develop under facilities storing potential 
groundwater contaminants will drain the pollutants into 
the groundwater. 


Many sinkholes form catastrophically when the soil 
collapses under its own weight. However, not all 
sinkholes form this way. Surface depressions, referred 
to as subsidence sinkholes, occur slowly as sediment 
subsides into enlarged joints. 


Figure 2.2.4 shows the location of mapped sinkholes 
within the watershed. (Winona County Atlas Series, Atlas 
C-2, plat 5S of 8, Minnesota Geological survey). This map 
only has the location of Known sinkholes at the time of 
publication and is not necessarily a representation of 
every sinkhole in the watershed. Sinkholes have been 
discovered which do not appear on the map. 


According to the map (Figure 2.2.4) there are 9399 Known 
sinkholes within the entire surface and subsurface 
watershed. 78 of these sinkholes were open or untreated 
at the time of publication. 60 are in the subsurface 
watershed and 18 in the surface watershed. At present, 
there are still 62 open sinkholes, 46 in the subsurface 
watershed and 16 in the surface watershed. The figure 
has been updated for this report to accurately portray 
the locations of sealed and unsealed sinkholes in the 
entire watershed. 


Project Justification 


The LCC had three different watersheds to choose from 
when they determined that they would apply for an RCWP. 
The Garvin brook area is totally in Winona County, 
comparatively small and distinct. To this end the 
landowner population and the agencies and groups involved 
would find participation more personal. Monitoring and 
evaluation activities were also able to benefit from the 
compactness of the area. Some baseline data had already 
been gathered on Garvin Brook water through proposed 
Flood control projects. This allowed the monitoring 
agencies to begin testing for changes soon after the 
First BMP's were completed. A Garvin Brook citizens 
group was active. For these reasons the LCC chose the 
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Garvin Brook Watershed. The Garvin Brook Watershed also 
had distinct water quality concerns that could be 
addressed. 
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2.3 Project Goals and Objectives 


2. 


3. 


7 


1 


Findings and Recommendations 


RCWP projects were intended to be experimental, to allow 
technical agencies to try innovative ideas to treat water 
quality problems. If the goals and objectives at the end 
of the project were different than those developed at the 
start of the project, it doesn't mean the project was a 
failure or poorly developed. 


When the Garvin Brook RCWP began, we targeted and 
identified surface water problems as our critical area. 
In 1985, the AGNEPS computer model and a newly published 
county Geologic Atlas helped us identify a growing 


groundwater problem. We expanded our critical area to 
include the groundwater recharge area in an effort to 
positively affect this resource. After 10 years we feel 


we have successfully addressed both of these problems. 
If a critical area is adjusted or expanded, additional 
BMPs will need to be developed. Evaluations and 
monitoring programs will also require adjustment or 
expansion. 

Implementation and Water Quality Goals and Objectives 
Ae ane 2 


Surface Water 


Goal -—- To increase the recreation potential of Garvin 
Brook. 


(1) Water quality improvements will focus on the trout 
fisheries. 


(2) Water quality improvements will focus on enhancing 
contact activities and aesthetics. 


Objectives - 
(1) To decrease the sediment loading by 50%. This would 
be a reduction of 5,981 tons of sediment for a 25-year, 


24-hour rainfall event. 


(2) To decrease turbidity violations from 100% to below 
15%. 


(3) To decrease fecal coliform bacteria violations from 
79% to below 40%. 
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Groundwater 


Goal - To decrease biological and chemical health related 
pollutants entering the groundwater aquifers. 


(1) Water quality improvements will focus on lowering 
health related nitrate-nitrogen values in the Karst area. 


(2) Water quality improvements will focus on reducing 
other health related pollutants. 


Objectives - 


(1) To reduce the NO-N (Cnitrate-nitrogen) load to the 
acceptable drinking water standard, which is below 10 
mg/L (ppm) nitrate-nitrogen. 


B. Initial 
Surface Water 


Goal - To increase the recreation potential of Garvin 
Brook. 


C1) Water quality improvements will focus on the trout 
fisheries. 


(2) Water quality improvements will focus on enhancing 
contact activities and aesthetics. 


Objectives - 


(1) To decrease the sediment loading by 50%. This would 
be a reduction of 5,981 tons of sediment for a 25-year, 
24-hour rainfall event. 


(2) To decrease turbidity violations from 100% to below 
HS pte 


(3) To decrease fecal coliform bacteria violations from 
79% to below 40%. 


C. Adjustments and Refinements 


The original project area was the surface watershed area 
of Garvin Brook. An additional area, the groundwater 
watershed of Garvin Brook, was added to the project in 
1985. Also added to the project was BMP-15 which 
provides participating producers an incentive payment to 
apply a percentage of their nitrogen needs before 
planting and the remainder after the corn plant has 
reached a stage of maturity that can better utilize the 
additional fertilizer. 
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At the commencement of the project, the critical area was 
defined as those areas within 300 feet of open flowing 
water, sinkholes, abandoned or contaminated wells, and 
feedlots that had a high rating in the Minnesota 
Pollution Control Agency Animal Waste modeling system. 
In 1985 the critical area of the project was redefined. 
The addition of the groundwater watershed required that 
the critical area be increased. Also, the AGNPS I Model 
has allowed the technical agencies to become quite 
specific in designating priority areas for needed 
treatment. 


Since 1985, the designated critical area has included 
that portion of the groundwater watershed area that has a 
high susceptibility for groundwater contamination, and 
those subwatershed areas in the surface watershed area 
with high and moderate sediment loads and moderate 
nitrogen and phosphorous loads. 

Inventory and Evaluation Goals and Objectives 

The goals and objectives of the inventory and evaluation 
section of the Garvin Brook RCWP were to increase local 
awareness of local surface and water quality problems and 
issues. Landowners were expected to utilize that 
awareness and make adjustments in their management styles 
that would positively affect the watershed surface and 
groundwater resources. One avenue was to develop a 
Contract through our REWP program. 


Tools utilized to increase local awareness of surface and 
groundwater problems included: 


1. Public information meetings 

2. Water quality tours 

3. Quarterly news letters 

4. Demonstrations 

5S. Well water analysis 

6. Tillage, nitrogen and pesticide plots 

%. Media coverage 

8. Individual contacts and contract development 


9. Soil analysis 
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10. Agricultural waste analysis 
11. Farmer surveys 


12. Surface and groundwater studies and monitoring 


Economic Evaluation Goals and Objectives 


The economic goals and objectives of the program included 
financial assistance to landowners in the project area at 
such a level to provide incentive to complete needed 
BMPs. BMPs such as animal waste utilization, 
conservation tillage, and fertilizer/pesticide management 
were designed to show the producer how to decrease input 
expenses with continued use. Cost-shares were set at 75% 
of the average cost as determined by the LCC. 

Cost-shares to an individual participant are limited to 
550>,.00'0). 


As the project moved through the mid '80s and agriculture 
experienced economic hardships, the project became very 
important as an avenue for much needed capital throughout 
the entire local agricultural business community. 


Water Quality Monitoring Goals and Objectives 
A Final Monitoring Objectives 
Stream Water Quality Monitoring 


The final Cpost 1986) goals of stream monitoring were to 
monitor baseflow water quality, stream runoff following 
storm events and brown trout populations in order to 
evaluate stream water quality changes occuring throughout 
the RCWP BMP implementation period. More specifically, 
the monitoring objectives were to: 


1) Conduct continuous monthly sampling for 17 parameters 
at a site near the mouth of Lower Garvin Brook, in order 
to evaluate trends in baseflow water quality; 


2) Conduct brown trout surveys in the spring and fall 
each year at control sites on Upper Garvin Brook 


3) Conduct storm event monitoring to verify and AGNPS 
model and use this mode to estimate storm event sediment 
and nutrient loading reductions due to RCWP BMPs. 

Ground Water Monitoring 


The final (Cpost-1986) goals of ground water and vadose 
zone monitoring were to: 
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1) Develop adequate ‘''baseline'' data regarding nitrate 
and pesticide concentrations and general chemistry of the 
Prairie du Chien-Jordan aquifer in Garvin Brook Watershed 
and Ground Water Recharge Area so that long term changes 
resulting from the RCWP and other programs could be 
assessed 


2) Determine nitrate and pesticide concentrations moving 
through the rooting zone in fields that had been under 
RCWP contract for two to four years 


3) Evaluate nitrate and pesticide contributions from 
agricultural fields, sinkholes, grassland, woodland and 
ponds in an effort to better characterize the 
contamination 


4) Evaluate well water nitrate concentration changes 
between 1983 and 1990 from annual sampling of numerous 
domestic wells 


5) Develop a greater understanding of ground water 
residence times in order to more appropriately evaluate 
ground water quality trends. 


By Lnatial Monigoring, Objectives 
Stream Water Monitoring 


The initial intent of stream monitoring was to conduct 
intensive baseflow and runoff event monitoring for three 
consecutive years at three sites in order to adequately 
define baseline water quality. More specifically, the 
monitoring objectives were: 


1) Evaluate which water quality parameters were of 
greatest concern; 


2) Define the initial baseflow quality of streams at 
three sites in the watershed so as to allow for future 
documentation of changes resulting from implementations 
of BMPs; 


3) Characterize pollutant loadings during 
rainfall-runoff events; 


4) Continue trout population assessments each spring and 
fall so that time trends can be established. 


Ground Water Quality 


1) Establish baseline ground water quality within Garvin 
Brook Watershed so that man-controlled changes in quality 
could be detected with time by sampling 15 wells and 3 
springs in Garvin Brook Watershed. 
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2) Heighten the awareness of ground water quality 
problems in the Garvin Brook RCWP area by 
sampling numerous wells for nitrate. 


C Adjustments and Refinements 


Many adjustments were made in the monitoring program 
throughout the project duration. There was a change in 
project emphasis to include ground water when it was 
discovered that: 1) 20 to 25 percent of wells in Garvin 
Brook Watershed had nitrate-N in excess of 10 mg/1, 2) 
the groundwater recharge area for Garvin Brook Watershed 
extended about five miles west of the surface watershed 
boundary, and 3) there was a reluctance for land owners 
to adopt certain stream protection BMPs. As a result, 
the area of ground water sampling and number of wells 
sampled increased in 1985. 


It was also realized that many of the original 15 wells 
and 3 springs yielded water that reflected land use 
activities decades or centuries ago. It was decided that 
sampling of the Vadose zone and upper most aquifer would 
be necessary to determine the impact of the RCWP on 
ground water quality. 


Once pesticides were found in ground water, there was an 
increased emphasis in pesticide monitoring. Eventually, 
it was determined that wells with the highest pesticide 
levels were indicative of point source related 
activities. This discovery also resulted in an 
adjustment in the pesticide monitoring strategy. 


Decreased emphasis in stream monitoring occurred due to 
budgetary contraints, change in project emphasis, 
difficulties in obtaining storm event data, and problems 
in maintaining three sites. A renewed storm event 
monitoring effort was prompted by an increase in storm 
event computer modeling efforts. 


2.4 Project Development 


2 


4. 


it 


Highlights of Project Development 


There was excellent cooperation between a number of 
agencies during the project. As a result of the U.S. 
Geologic survey, the Garvin Brook Project area was 
expanded to include additional acres where groundwater 
Flow could be included. This allowed for the opportunity 
to conduct nitrogen demonstration plots, and root worm 
insecticide rate plots in the program. In cooperation 
with the Minnesota Dept. of Agriculture, the Extension 
Office began in 1983 a well sampling program on 80 

wells. This was developed to look at nitrate/nitrogen 
levels in wells in the project area. The Minnesota Dept. 
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of Agriculture analyzed the samples at no cost. In 1985, 
the sampling was expanded to 146 wells. In 1986, the 
sampling was expanded to 161 wells and has stayed at that 
level through 1991. Therefore, nine years of sampling 
has taken place. The results have been mapped with a 
color code for display. 


In 1988, the Extension Office started a 12 well 5 week 
interval well water study for nitrate/nitrogen. These 
wells were chosen strategically located in the Garvin 
Brook Project area to look at structure of the well, 
distance from sinkholes, age and depth of the well. The 
wells were picked in consultation with a hydrologist and 
a geologist at Winona State University in Winona. 


Since 1985, the University of Minnesota Soil Scientists 
have cooperated in conducting nitrogen rate management 
plots in the county. 


Summary of Annual Achievements 


The well water study and mapping has generated great 
public awareness and understanding of the issue of 
nitrate/nitrogen residue in the goundwater. The map and 
water test results has been used dozens of times in 
giving presentations to different organizations, groups 
and the public in general over the years. Results show 
that in 1986, 37% of the wells contained more than 93.9 
ppm Of Mitkatesmitrogen while.19390.it has been.reduced to 
26.7% of the wells showing 9.9 ppm of nitrate nitrogen. 
The nitrogen rate management plots have raised the 
awareness to the public and to the farmers, specifically, 
on proper application rates. Field tours at the plot 
sites have been conducted each year since the plots were 
started in 1985. Also, results of those studies have 
been discussed and distributed at winter farmer 
educational programs. 


The corn rootworm insecticide rate studies have also been 
used to raise awareness of when to scout for beetles to 
determine if insecticide is needed and timely application 


procedures. In results of a 1990 study, rootworm 
infestation was the same at recommended label application 
rates at 75% and at 50% recommended rate. A cost share 


split nitrogen application rate program has been 
successful in reducing the amount of nitrogen applied by 
cooperating farmers. Using University of Minnesota 
Extension recommendations, farmers have been able to 
reduce the amount of nitrogen applied by determining 
yield goal, legume credits for plowdown, and manure 
application credits. This program has been conducted 
Since 1985. In 1989, with 60 farmer cooperators. covering 
6,454 acres, there was an average savings of 44 lbs per 
acre. 
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Changes in Land Use Patterns and Water Resource Management 
Throughout Project Period 


Fae | 


Impacts and Effects of Federal Programs 


Because Winona County and particularly the Garvin Brook 
watershed area is predominantly livestock producers, the 
impact of the PIK program was somewhat tempered. The 
impact was greatest in those years when producers could 
take advantage of the posted county certificate price 
being significantly below the loan rate. This encouraged 
the production of more acres of corn. 


The Dairy Refund Program (CDRP) and the Dairy Termination 
Program (DTP) had a more pronounced impact and effect on 
the project area. Roughly one third of the RCWP 
participants were involved in the DRP and 3 were accepted 
into the DTP. Many DTP participants who no longer have 
any livestock found it difficult to Keep enough hay in 
their rotation to satisfy their conservation plan. 


The Conservation Reserve Program (CRP) had a minimal 
impact on land use and water resource management in 
Garvin Brook. Farms and acreage in CRP are small and 
scattered throughout the project area and probably had 
the least effect of all Federal programs. Garvin Brook 
acres in CRP would decrease the soil and nutrient loss 
due to runoff and would also decrease the use of 
fertilizer and pesticides. 


Impacts and Effects on Cropping and Chemical use Changes 


In a 1989 Extension Herbicide plot, weed control methods 
were studied looking at rotary hoe and cultivation, 
herbicide and cultivation, two cultivation only, and 
herbicide only. Results showed no significant difference 
in yield between the various weed control methods. A 
farmer field tour was held at the plot site. Results 
were also discussed at winter meetings. 


Crop producers are reducing chemical usage in the county 
and more cultivation is taking place than five years 
ago. Even farm chemical dealers have been coming to 
educational meetings and plot tours and are more 
conscientious of herbicide recommendations to their 
customers. 


Nitrogen application rates have decreased over the past 
few years in the Garvin Brook RCWP area. The University 
of Minnesota Soil Service Dept has cooperated with the 
local Extension Office in conducting nitrogen application 
rate plots. Using results of those plots at the plot 
sites and at winter farmer meetings, farmers are making a 
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conscientious effort to reduce their nitrogen rates. The 
Extension Service has worked with producers to help them 
understand how to take advantage of legume plowdown 
credits as well as manure application credits on 
nitrogen. Farm dealers are also putting forth better 
effort in making proper nitrogen rate recommendations. 
With no reduction in yields resulting from reduced 
nitrogen applications, farmers are realizing that over 
application was commonplace for years. Reducing nitrogen 
rates assures the possibility of less nitrogen leaching 
into the groundwater. 


The split nitrogen cost-share program was important to 
the success of helping crop producers reduce nitrogen 
application rates. With the incentive of being paid 
$15.00 per acre if they followed Extension Service 
recommendations, farmers began to realize they could 
reduce nitrogen rates and yet maintain normal yields. 
This has resulted in an average nitrogen rate reduction 
of over 10 lbs per acre from what they had been applying. 


Review of Changes in Population, Construction and Other 


Factors 


See Table 2.2.2 for number and size of farming operations 
located in the watershed. These figures have stayed 
relatively stable throughout the 10 year period. Some 
farms have changed hands, some have been taken over by 
the sons of farmers. 


See Form RCWP 4 showing average cost figures for BMP 
developement for the 1990 construction season. 
Obviously, labor and materials have increased during the 
ten year period. 


Land use patterns from a conservation standpoint have 
seen an increase in the use of conservation tillage. It 
is estimated that approximately 80% of all watershed 
landusers utilized some form of conservation tillage in 
1990. The 1985 and 1990 farm bills have led to the 
increased use of various conservation practices to ensure 
eligibility for USDA program benefits. 


Impacts and Effects of RCWP 


RCWP had an impact on land use in the project area 
initially and on the surrounding area later when BMPs 
started to prove themselves. Producers under contract 
and others who realized the advantages of these 
management practices shifted to a more 
conservation-minded style of farming, such as contour 
farming, conservation tillage etc. 


BI~s 


Ts” gee "tin stet? eevbes of Noe be. aucktriebeneue: 
of @:»eoubo 79g Aviw bettow wed eotuysd nelanatae: 
cwofq emupel Yo evernaved e894? of wad braetavetaw 
1p tbess nottsecileqs estcnem a6 Phew ee etipare 


rerted dtt16 snittuq opla #76 Selene maeF Me—ertin ” 


eBoqolz HMO O27 7¢ Neo V7 s aQoe Tq onisAsm ni t76¥Fse 
mort gaktl ‘oleiy ot pobtoubet on AFEW 
red? gpalstieas 4% ’ - ,oneltsotiqgs negettin. 
rin pnisvubden n° % | TONS aww , ee a f 
“ rn tin ‘laeaq sri W208 #9767 
| bewbrns Jo7%8 SA? efag 


| o1tin tiles edt 
aooutio >Ube a oo 7079 CAalqien F6 Bassoum SAT 
tsq ent | iy Ariw ,@etet noltsesiiagsa 
‘42 ‘1 (3 wOol lot yen? Lf arae teq OO.ef@ 


_ 
sluco vers neped ey8eM at .enoltabthenmoeces 
ebilerty | sm Tay bone eef4e1 nepoiryin sounet 
= i ‘ 
Si 4 ‘ eve mea ni OT 128.7 sa eiay 
‘& Lc max? eax96 tea #@df OL save Fo 


wn} rt suse ny veonent) *o welvsn Eva 
g#.1oeoT 567 


47 sec 


ofl $s “ecm & S26 
iy .vene’ it mi berasel 
: P ’ Of reuo'y 1672 fevitales 
ro aelg| | o emo ian em 76? 


o 
% ‘eene +o eros 6AaF . 
! °F 
7 erupt. : > 9p6879Vs pPnhitwodae * GWOR myv64 pee _ 
| OPC! wit sot thameqoisver, 
enT poirwt eeaee Sn)! oO elainetéem bas sodel “lavelvet |” 
-bobiseg 169 fet f 
My 


sven tr iqabagte nolitevyeensce 6 morn? aensetiagq eeu he sae 
: *Mpeliltt nerrevisens to say ent ni seaeesrt9sdal ae i a 
sdevstew lle to £08 vietaemixe rqge tent bat ent Care 
nt @eopel fi iolfavxeenae to miot. anos best fity e1emuby ed 
ed? 7 afl event eliitd maar Oeer brie 2801 ant One] 
wens of a Toe14 neltéeviaseenesd evolrav Fo ‘eau baer 


.atitenad meipe4 mane 2 


la Ee 
WOR Fo. mtoats 
aye 


eens taste ig a? at ety mary 
ae reels tatel sone igitrwe ens 


el h “gaent te 
; x ; 7 


=|) 


The project had a tremendous impact on water resource 
management. The split-nitrogen practice and the well 
water testing provided producers with very important 
information about how best to utilize nitrate nitrogen 
supplies in the soil. Also RCWP enabled technicians to 
develop new methods and standards for animal waste 
systems and also for the repair of sinkholes. 
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IMPLEMENTATION RESULTS 


3.1 Findings and Recommendations 


An adequate variety of BMPs must be made available to 
participants to treat problems identified in the critical 
areas. Project developers should try to provide more 
than one BMP to address each problem. One of the early 
stumbling blocks affecting potential participation in the 
Garvin Brook RCWP was the rigid requirement that all 
applicable BMPs must be applied by program participants. 


One BMP on our ledger was almost universally shunned by 
watershed livestock producers. It was also required for 
all applicable potential participants. Obviously, local 
participation was limited because of this. What our LCC 
had to decide was the importance of this BMP verses the 
Success of the project. We decided to no longer make 
this BMP mandatory and participation increased 
accordingly. 


Another mistake made in our project was made on the first 
contract we developed. This was our first contract, with 
our first constructed Agricultural Waste System. This 
System also ended up being our most expensive project 
during the entire 10 year period. The cost of this 
system scared away many of our potential participants. 
Livestock producers feared that they would be required to 
develop a similar system at a similar cost. It took many 
years to erase the stigma of this cost and over the 10 
year period we did construct 15 such systems. 


wae Critical Area Treatment 


a. 


Pape 


Definition of Critical Area 


The first field application of the Agricultural Non-Point 
Source Pollution Model (CAGNPS) was completed in June, 
1985 for the surface water watershed. This program was 
updated in 1989 by MPCA staff to reflect changes 
encountered since 1985. 


The model was developed by the Agricultural Research 
Service (ARS) in Morris, Minnesota. It was used to 

identify specific land area contributions to surface 
water pollution. 


Based on the model, these land areas have been classified 
into the following priorities: 
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Critical: Subwatersheds with high and moderate sediment 
loads and moderate nitrogen and phosphorous 
loads. 


High: Localized high erosion and barnyard ''hotspots" 
outside the critical areas. 


Medium: Subwatersheds with either moderate sediment 
loads or moderate nitrogen and phosphorous 
loads. 

Low: Remaining subwatersheds excluding localized 


high sediment loads and barnyard ''hotspots". 


Figure 3.2.1a illustrates critical, high, medium, and low 
priority areas along with erosion hot spots and barnyard 
"hotspots". 


Approximately 13,059 acres lie within the critical area 
designation. Of those acres approximately 7,574 acres 
are cropland of which approximately 3,105 acres are grown 
iE OF CO Hn 


Groundwater Watershed 


The groundwater watershed has been prioritized based on 
its potential for groundwater contamination to the 
Prairie du Chien-Jordan aquifer by nitrate-nitrogen. 


Figure 3.2.1b indicates the area of high susceptibility 
to groundwater contamination because of surface and 
geological characteristics (Winona County Atlas Series, 
Atlas C-2, Plat 6 of 8, Minnesota Geological Survey). 


Similar geology and surface characteristics are found in 
the Big Springs Basin in Clayton County, Iowa. Data from 
the hydrologic and water quality investigations in this 
basin indicate that 90-95% of the nitrate-nitrogen (NO-N) 
enters the groundwater through either infiltration-base 
Flow or diffuse flow, not directly through sinkholes and 
abandoned wells, according to George Hallbeg, Chief 
Geological Studies Division, Iowa Geological Survey. 
Therefore, the entire cropland area within the 
hydrogeologic category of high susceptibility is 
considered the critical priority area when addressing 
nitrate-nitrogen groundwater contamination. That area 
which is considered moderate to highly susceptible is 
considered high priority. There are approximately 12,681 
cropland acres that lie within the critical area of the 
groundwater area. 


Figure 3.2.1¢c illustrates the location of existing areas 
under contract. 
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BMP Implementation 


Activity 1990 1990 1990 Cumm Proj Cumm  W-shed 1991 
Goal Proj N-proj Accomp N-proj Accomp Goal 


Accom Accom 81-90 Accomp To Date 
¢) 81 ~ 81 0 


Contracts # 0 - 
Contract Ac. 0 0 a 14415 - 14415 = 
BMP-1 (Ac) Geiger es ben. 5° MALTS, 2 0 
sMP-2 (No) 1 0 a fe 3 18 0 
SMP-3 (Ac) 84 ee Bs oe 604 1163 179 
BMP-4 (Ft) 0 Dba nn: 14850 0 14850 0 
BMP-5 (Ft) 1500 -1482 300 3502 3489 6991 1000 
BMP-6 (No) oat 0 0 0 0 9 
mee) Oe Den 6:2 ier o78.  65.5 0 
BMe-9 (Ac) _3500...3359.. B07 aug Ses * t7ea0 2348 
SMP-10 (Ft) _O 0 0 0 0 0 0 
BMP-11(Sink) ° 22 10 0 28 ti 30 me 
BMP-11(Well) 90 0 1 1 5 7 1 
“-ByP-12 (No) 0 0 5 5 19 24 0 
BMP-14 (Ac) 0 Sie A: ihe onl: 87.0 0 
BMP-15 (4c) 7137 4373 0 31643 cere 2267 
BMP-16 (AC) 7185 4553 0 38083 0 38083 2851 
BMP-17 (Fr) _O ana o 3000 6600 9600 0 


BMP-18 (Ac 0 . 6 0 0 HEE) NSIS) 0 
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3.2.2 Accomplishments 


See Table 3.2.2 


3.3 BMP Implementation 
3.3.1 Description of each BMP and the problem it addresses 
BMP 1 Permanent Vegetative Cover 


A Purpose. The purpose of this BMP is to improve water 
quality by establishing permanent vegetative cover on 
farm or ranchland to prevent excessive runoff of water 
or soil loss contributing to water pollution. 


BMP 2 Animal Waste Management System 


A Purpose. The purpose of this BMP is to improve water 
quality by providing facilities for the storage and 
handling of livestock and poultry waste to abate 
pollution that may otherwise result from livestock or 
poultry operations. 


BMP 3. .cth LpCGopping,.Systems 


A Purpose. Stripcropping systems improve water quality 
by providing enduring protection to cropland causing 
pollution problems by establishing contour or field 
stripcropping systems. 


BMP 4 Terrace System 


A Purpose. The purpose of this BMP is to improve water 
quality through the installation of terrace system on 
farmland to prevent excessive runoff of water or soil 
loss contributing to water pollution. 


BMP S Diversion System 


A Purpose. The purpose of this BMP is to improve water 
quality by installing diversions on farmland or 
ranchland where excess surface or subsurface water 
runoff contributes to a water pollution problem. 


BMP 7 Waterway System 


A Purpose. The purpose of this BMP is to improve water 
quality by installing a waterway to safely convey 
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nonerosive velocities into watercourses or 
impoundments. The waterway is protected from erosion 
and reduces pollution through filtering out silt with 
the establishment of sod cover of perennial grasses, 
or legumes, or both. 


BMP 8 Cropland Protective System 


A Purpose. The purpose of this BMP is to improve water 
quality by providing needed protection from severe 
erosion on cropland between crops or pending 
establishment of enduring protective vegetative cover. 


BMP 10 Stream Protection System 


A Purpose. The purpose of this BMP is to improve water 
quality by protecting streams from pollutants through 
the installation of vegetative filter strips, 
protective fencing, livestock crossings, livestock 
water facilities, or other similar measures. 


BMP 11 Permanent Vegetative Cover on Critical Areas 


A Purpose. Permanent vegetative cover on critical areas 
improves water quality by installing measures to 
stabilize a source of sediment such as gullies, banks, 
privately owned roadsides, field borders, or similar 
problem areas contributing to water pollution. 


BMP. 4-2 Sediment Retention, Erosion, or Water Control 
Structures 


A Purpose. The purpose of this BMP is to improve water 
quality through the control of erosion, including 
sediment and chemical runoff, from specific problem 
area, and thereby prevent water pollution. 


BMP 13 Improving an Irrigation System, or a Water 
Management System, or Both 


A Purpose. The purpose of this BMP is to improve water 
quality on farmland that is currently under irrigation 
for which an adequate supply of suitable water is 
available, on which irrigation will be continued, and 
on farmland with a critical area or source that 
Significantly contributes to the water quality 
problem. 


BMP 14 Tree Planting 


A Purpose. The purpose of this BMP is to improve water 
Quality by planting trees to treat critical areas or 
sources that contribute to water pollution. 
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BMP 15 Fertilizer Management 


A Purpose. The purpose of this BMP is to improve water 
quality through needed changes in the fertilizer rate, 
time, or method of application to achieve the 
desired degree of control of nutrient movement 
in critical areas that contribute to water pollution. 


BMP 16 Pesticide ~ 


A Purpose. The purpose of this BMP is to improve water 
quality by reducing pesticide use to a minimum and 
manage pests in critical areas to achieve the desired 
level of chemicals contributing to water pollution. 


BMP 17 Woodland and Access Road Stabilization 


A Purpose. The purpose of this BMP is to provide 
assistance for repair, reconstruction, and replacement 
construction of woodland roads that are located in 
areas sensitive to soil erosion and have a high 
potential for contributing heavy sediment loads to a 
water course, creating a water pollution hazard. 


BMP 18 Water Quality Improvement Through Woodland 
Improvement 


A Purpose. The purpose of this BMP is to provide water 
quality improvement, soil protection, and erosion 
control by properly managing forest land to ensure 
adequate cover on that portion of the watershed that 
is unsuitable or undesirable for agriculture or 
pasture that creates a water pollution hazard. 


Acres or Units Treated or Served by Each BMP 
Implemented under RCWP 


See Table 3.2.2 


Numbers and Proportion of Project Areas Producers 
Implementing each BMP under RCWP 


Total Contracts - 81 


Best Management Practice Number Used Proportion 
1981 - 1990 
BMP1-Permanent Vegetative Cover 25.4 1% 
BMP2-Animal Waste System 15 19% 
BMP3-Strip Cropping System 559 5% 
BMP4-Terrace System 14,850 1% 
BMPS-Diversion System 35, S02 9% 
BMP6-Grazing Land Protection  £ -------- --- 
BMP7-Waterway System Ah ve ok 7% 


BMP9-Conservation Tillage System 9,403 93% 
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BMP6-Grazing Land Protection -------- --- 
BMP7?7-Waterway System ih a 7% 
BMP9-Conservation Tillage System 9,403 93% 
BMP10-Stream Protection System -------- --- 
BMP11-Permanent Cover on Critical Areas 


a4 30% 

BMP1i2-Erosion or Water Control Structures 
5 6% 
BMPi4-Tree Planting 19 1% 
BMP15-Fertilizer Management 31,643 100% 
BMP16-Pesticide Management 38,063 100% 


BMP17-Woodland Access 9 -------- —— 
BMP18-Water Quality Improvement Through 
Woodland Improvement -~— -------- ete 


Discontinued BMPs Implemented Under RCWP 


When discussing discontinued BMPs, BMP-10 (Stream 
Protection System) immediately comes to mind. This BMP 
was very poorly received by watershed landowners. In 
some cases it was the major holdup in getting a landowner 
to participate in the project. 


The main reason this BMP was such a stumbling block was 
that the majority of landowners adjacent to the stream 
corridor were livestock producers. They felt that these 
riparian areas were needed for pasture and could not be 
maintained in permanent nonpastured vegetation. They 
also felt that required fences would be too expensive to 
maintain. 


Contracts in the Garvin Brook Watershed were developed 
requiring all water quality problems be treated. Until 
streambank Protection was removed from the list of 
required practices, this project was at a standstill. 

The LCC had to decide which was more important, BMP-10 or 
potentially the success of the entire project. 


Changes In BMP Emphasis 


Participation began to lag where expensive BMPs such as 
animal waste systems were needed. The LCC determined 
that, to Keep the project economically viable, the local 
technical committee must be allowed to be innovative with 
the design to lower the cost of these previously high 
priced management practices. Emphasis was shifted from 
large animal waste systems which were designed to hold 
all runoff from barnyard areas to systems which utilized 
grass filter strips and settling ponds. 


BMP-15, Fertilizer Management began as strictly an 
education practice. When the goundwater monitoring data 
showed high levels of nitrates in numerous wells, the LCC 
determined that the application of nitrogen to the soil 
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should be more need specific. At this point the emphasis 
on fertilizer management education was broadened to 
include a costsharing practice involving applying 
nitrogen to the growing crop if and when it was needed 
and could be utilized by the crop. Most producers in the 
entire area became very interested in the yield results 
of crops grown on fields where the split-—-nitrogen 
practice was used. 


3.4 Contract Modifications and Violations 


3.4.1 


Total Number of Contracts 

The original allocation resulted in 69 RCWP contracts on 
6,349 critical acres. The total has been increased to 81 
RCWP contracts on 8,631 critical acres. The total acres 
under contract, both critical and non-critical, is 14,415. 
Contract Cancellations and Modifications 

A Cancelations - 8 

Bo. ModiF-ications) —.202 


Reasons of Cancellations and Modifications 


1 would not agree to follow through with all 
practices required by the technical agency 


Z WOStie chet ram 
3) sold Farm 
4 added additional land to contract 


S had new water quality problems arise that required 
additional BMPs 


6 did not follow maintenance requirements 
7 added BMP-15 and BMP-16 to existing contracts 


8 removed farm from program to participate in other 
government programs ie: CRP 


9 additional funding allocations 
10). cost, 
Contract Violations 
Contract violations were minimal in the Garvin Brook 


RCWP. Every effort was made to explain and clarify with 
the participant all their responsibilities under the 
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terms of the contract. If the producer had any 
misgivings about completing all needed BMPs to 
specifications, the LCC required that the situation be 
resolved before the contract was approved. One contract 
was cancelled and cost-sharing was returned because the 
participants had changed their mind regarding their 
animal waste system design. 


Animal waste utilization was and continues to be a 
problem although the LCC hesitates to call ita 
YV2OLlati0O0. “Froducers are required to either inject their 
liquid manure or work it into the soil immediately after 
surface spreading. Some years the weather does not 
cooperate and the ground freezes before the manure 
holding facility is empty. This necessitates spreading 
the remainder on frozen ground. The LCC realizes this is 
beyond the producers control~7~and will not determine it as 
a violation, but does recommend to the participant ways 
to minimize pollutant loads. 


3.5 Impacts of Other Federal Programs 


Other federal programs such as the annual Acreage 
Reduction Program did have an impact on the 
implementation of BMPs. During the mid-1980s, when the 
local agricultural economy was severely distressed, it 
was difficult for participants to complete practices that 
required capital input from them. The years 1987-1990 
Saw an increase in government subsidies to farmers and 
these helped enable the participant to complete BMPs in a 
more timely manner. 


Also, some contracts were revised to exclude BMPs on 
acreage that was accepted into CRP. One animal waste 
system was completed after the participant had removed 
all dairy animals under the DTP. The system has yet to 
be used. 


3.6 Impacts of State and Local Programs/Regulations 


There are many state and local programs having a direct 
impact on the land treatment and water quality in the 
Garvin Brook project area. Winona County has an 
aggressive zoning ordinance that contains strict land 
treatment regulation. The main component of this 
erdinance atfecting agricultural land is the Soil Loss 
ordinance. This ordinance is based on a complaint system 
where offsite damage is adversely affecting an adjacent 
landowner. Under this local legislation, the county can 
require remedial action if a justified complaint is 
filed. The county also implemented a local cost share 
program directed exclusively at paying a percentage of 
the more costly BMPs developed by RCWP participants. 

This is local tax payers dollars directed to implementing 
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water quality BMPs. It shows real support by local 
government for our project. 


The state of Minnesota has implemented far reaching 
natural resource programs that are the first of their 
Kind in the county. Some of these programs had a direct 
impact on our project area. 


These programs include the Reinvest in Minnesota Program, 
a state cost share program for sinkhole treatment and a 
state costshare program for abandoned well sealing. All 
three programs were developed to use state money for the 
treatment of natural resource concerns. 


The Reinvest in Minnesota program retires critical 
agricultural production areas and establishes them to 
permanent vegetative cover. 


The sinkhole treatment program treats critical sinkholes 
on a priority basis. Many of the principals used in this 
program were developed in the Garvin Brook RCWP. 


The abandoned well program seals wells also on a priority 
basis. All of the above listed programs are fine 
examples of how state and local governments can take the 
initiative and positively address their natural resource 
problems. 


TECHNICAL ASSISTANCE 


Sra 


Si5 To 


Overall Assistance Provided to RCWP Producer 
Participants 


Gee Form RCWP 4 


Types and Amounts of Assistance Provided to 
Producers Implementing Each BMP 


See Form RCWP 4 
Lessons Learned 


The RCWP was intended to be an experimental program where 
Successes and failures would be identified and analyzed 
so future water quality projects would not make those 
Same errors. 


Many of the BMPs utilized in the Garvin Brook RCWP were 
also experimental. They were developed using the 
experience and instincts of the technical staff to 
address specific water quality concerns. Some failed 
because they were unacceptable to the perceptions held by 
watershed landowners. Some had to be modified because of 
cost or effect. Most adequately treated the targeted 
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problem and have since been implemented in other parts of 
the county with similar water quality problems. 


Some lessons that we would like to pass on to future 
water quality projects include: 


- Don't lose a potential contract because 
of one practice unless it is required by law. 


- Tailor treatment to site specific problems and 
landowners needs within technical standards and 
specifications. 


- Contact other projects in the country with similar 
problems and discuss successes and failures. Technical 
transfer of information can be invaluable to your project. 
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0 PROJECT INFORMATION AND EDUCATION ACTIVITIES 


4.1 Findings and Recomendations 


In order to better educate landowners and farm operators, 
it is important to conduct plot studies and hold 
demonstrations. This localizes the effort so it is more 
meaningful. It is also important in order to call 
attention to the nitrate/nitrogen concern by actually 
conducting a well water study. Using water test results, 
mapping them and then providing information on sound 
cropping practices, producers could better understand the 
connection between the cause and the effect. 


This raised the awareness of groundwater contamination 


concerns amongst farmers and non-farmers alike. It 
helped local officials and policy makers better 
understand the situation. As a result of University of 


Minnesota Extension plot work, solutions were found to 
decrease the heavy reliance on fertilizers and 
pesticides. Producers discovered they could reduce 
application rates without lowering yields. 


4.2 Cooperative Extension Service Activities 


\ 


The County Extension office was responsible for the 
educational component of the RCWP project. It was also 
responsible for the Technical Assistance in the BMPs of 
fertilizer and pesticiides management. 


Awareness of the RCWP project was generated by holding 
public meetings on the project. In cooperation with the 
Minnesota Extension Service a slide/tape presentation was 
developed at the beginning of the project to explain the 
program, its purpose and objectives. This was used 
numerous times in the early years and shown to farm and 
non-farm audiences. The County Extension office secured 
a part-time Program Assistant to work on the Project. 
This individual made individual landowner visits to 


explain the project. He also wrote a quarterly 
newsletter which was started in 1983 and sent to all 
landowners in the project area. This helped to inform 


them of the RCWP activities and developments. The 
newsletter was used to announce meetings and tours, and 
to publish results of plot studies. 


The Program Assistant was also responsible for working 
one on one with those farmers who signed split nitrogen 
application contracts. Using University of Minnesota 

recommendations, he was able to help farmers zero in on 
proper nitrogen rate applications for their corn crops. 
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Demonstration plots were used to localize farming 
practice methods that would best fit the project area. 
Plot work was conducted in cooperation with University of 
Minnesota Extension Specialists. Demonstrations were 
conducted on nitrogen rates, rootworm insecticide rates 
and weed control methods. 


The Program Assistant was very helpful to conduct two 
different well water nitrate/nitrogen studies. One study 
was a 161 well sampling in the project area to raise the 
level of awareness and understanding by the public of 
groundwater concerns. The study ran from 1983 thru 1991 
(see Figure 4.2a). The Minnesota Dept of Agriculture 
analyzed the samples at no cost to the project. All 
results were mapped with color codes. The second well 
sampling study was started in 1988 to look at possible 
seasonal variations in well water nitrate/nitrogen 
content at 5S week intervals on 12 wells selected 
according to location, depth, age of well, contruction of 
well (see Figure 4.2b). These sites are also being used 
in cooperation with the Minnesota Pollution Control 
Agency to test for pesticides and other pollutants. 


4.3 ASCS Activities 


ASCS is the lead agency for RCWP and as such was very 
much involved with the initial announcement of the 
project to the public. Newsletters were sent, radio 
Shows and information meetings were conducted and 
newspaper articles were submitted with the aid of 
Extension Service and other agencies. After this initial 
responsibility ASCS assisted with information and 
education as they continued to answer questions and write 
news articles, but mainly functioned in an administrative 
capacity. ASCS updated lists of names of participants 
and provided funds for dissemination of news releases and 
the ‘Garvin Brook Pipeline''. ASCS acted as the liaison 
between the LCC and the SCC. 


4.4 SCS Activities 
i) Ferticipare on NCC, SCC, and LCC 
2 Recommend to ASCS the appropriate agency or group to 
provide technical assistance for each BMP on a project 
by project basis. SCS shall coordinate technical 
assistance. 


3 Provide technical assistance for appropriate BMPs 


4 Develop and certify water quality plans to CD for 
critical areas and sources on the farms. 
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Figure 4.2a 
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Well Water Sampling Results 


Original 80 Wells 
Year 3.0 3.1-9.9 9.9 
1990 34 44% 35 462% 8 10% 
1989 30 37.5% 40 50% 10 12.5% 
1988 28 35% 35-43. 75% 7 21.25% 
1987 30 37.5% 30 38.5% 20 25% 
1986 34 62.5% 28 35% | 18 2S e 
1985 52 407 PP oc 36% 19 242 
1984 Bo: Bae 28 35% I) Dae 
1983 51 64% 12 15% 7 21% 
161 Wells including original 80 

Year 30) 3.1-9.9 9.9 
1990 49 30.4% 69 42.9% 43 «= 2657% 
1989 40 24.9% 73 45.3% 48 29.8% 
1988 39 26.27 Pars) A 37.9% 61 4 309% 
1987 38 23.6% 62 38.5% | 61. 37.9% 


1986 42 26% Be 37% 500) ‘B7z 


Figure 4.2b 
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5S Assist in project monitoring and evaluation. 
6 Assist in providing information to media outlets 
7 Write articles for Project newsletters 


8 Provide information about project to landowners, 
units of government and other agencies 


4.5 Water Quality Agency Information and Education Activities 


MPCA staff has given numerous talks about Garvin Brook 
monitoring activities during the last ten years, 
especially since 1988. Presentations were recently made 
at local (county), regional, state and national meetings, 
seminars, workshops and conferences. An in-depth Garvin 
Brook case study was presented to Southeast Minnesota 
water resource planners and managers in 1991. 

Information was also recently presented to a state 
Nitrogen Fertilizer Task Force. For most of the Garvin 
Brook Presentations made, MPCA staff was invited to speak. 


Reports produced by MPCA were also provided upon request 
and mailed to those involved with water resource policy 
making decisions. These reports are listed below: 


Minnesota Pollution Control Agency. se2. (Garvan SrooKk 
Watershed Water Quality - General Monitoring for the 
Rural Clean Water Program. Annual Progress Report, 
Divisvon or Water Quality. 129° pp. 


Minnesota Pollution Control Agency. IOS.) Gary im) Bigook 
Watershed Water Quality - General monitoring for the 
Rural Clean Water Program. Annual Progress Report, 
Division of Water Quality. 67 pp. 


Minnesota Pollution Control Agency. 1984. Garvin Brook 
Watershed Water Quality - General Monitoring for the 
Rural Clean Water Program. Annual Progress Report, 
Division of Water Quality. 167 pp. 


Wats .8., S.A. MeGuire and J.A. Magner. 1989. Water 
Quality Monitoring and Assessment in the Garvin Brook 
Rural Clean Water Project Area. MFinnesota Pollution 
Control Agency, Water Quality Division. 287 pp. 


Wotis Owe. one | Meouire, and J.A. Magner. 1989. 
Nitrate and Pesticide Contamination of Ground Water in 
the Garvin Brook area of Southeastern Minnesota: Sources 
and Trends. Minnesota Pollution Control Agency, Water 
Quality Division. Presented at the NWWA Conferency 
“Agricultural Impacts on Ground Water Quality." February 
20-21, 1990. Kansas City, Missouri. LS Dire 
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Wall, D.B. and C.P. Regan. 1991 Water Quality and 
Sensitivity of the Prairie du Chien-Jordan Aquifer in 
western Winona County. Minnesota Pollution Control 
Agency, Water Quality Division. 63 pp. 


Vadose Zone Sampling can be beneficial to help determine 
the effectiveness of BMP implementation within a 
relatively short time frame. Sampling of both macropore 
and micropore water is needed. 


Testing of many domestic wells in the project area for 
nitrate can be valuable service that can create water — 
quality awareness and provide another means of contacting 
land owners about the project. This works especially 
well when the person collecting samples and reporting 
results is a person also responsible for project 
promotion. It is also possible to use such data for 
tracking nitrate trends. 


4.6 LCC/SCC Activities 


The LCCs responsibilities included promoting the RCWP on 
a county or area wide basis as this committee was made up 
of representatives from all pertinent local, county, 
state and federal agencies as well as local private 
citizens. These individuals were able to advance the 
RCWP as they worked on a day to day basis. 


The LCC was also responsible for setting priorities and 
determining how the requirements of the RCWP could best 
FTit“~-invo- the’Garvin Brook® project. The committee met on 
a periodic basis and was especially important in 
determining strategy at the beginning of the project. It 
was important that views of local citizens who sat on the 
committee could be heard along with the various agency 
representatives to coordinate strategy and set goals. 


The SCC has similar responsibilities at the State level 
and assisted the LCC with encouragement and direction. 
The SCC acts as liason between NCC and LCC. 


4.? Inter - Agency Activities 


Various agencies worked together to introduce the project 
to the public at the outset. The LCC determined that the 
Extension Service, with assistance from the other 
agencies, would be responsible for the coordination of 
information and education activities for the project. 

The Extension Service, SCS, SWCD and ASCS worked very 
closely together throughout the project, had excellent 
communications and a good working relationship. As the 
project moved forward it was important to link up with a 
number of other agencies such as the County Environmental 
Health Dept., MN Dept. of Natural Resources and Minnesota 
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4.9 


Public 
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Pollution Control Agency. These agencies were all 
represented in the LCC. They were involved in numerous 
activities and events related to the project. 


Involvement 


The public was Kept informed on the RCWP project from the 
beginning. Public informational meetings were held in 
the project area to explain it's goals and objectives. 
Newspaper articles and radio programs helped to create an 
awareness of the project by the public. At the 
informational meetings, time was allowed for public input 
and feedback. Individuals were also encouraged and 
welcomed to visit the various agencies one on one. The 
Extension Program Assistant visited landowners farm to 
farm and received much feedback regarding the views of 
those people. This feedback was very helpful for the 
LCC. The well water testing program was highly 
acceptable by the public. Those whose wells were sampled 
had special interest in the program and helped to develop 
some ownership of the RCWP project. Farm Plot 
cooperators over the years also created special meaning 
and interest to those people and their neighbors, and 
friends watched with interest. Each summer plot tours 
were conducted and each winter educational meetings were 
held where the public had an invitation to attend. 

There were also citizen members on the LCC. 


List of Published General Information Material 


See MPCA publication list - page # 4-5 
- Garvin Brook RCWP quarterly newsletters 
- Brochure on the Garvin Brook RCWP project 


- Recommended Allowable Limits for Drinking Water 
Contaminants published by the MN Dept. of Health 


- Clean Water Everybodys Concern, a brochure by the MN 
Extension Service 


- Groundwater Pollution Prevention in SE Minnesota's 
Karst Region by the MN Extension Service 


- Tests and Standards for Drinking Water by the MN 
Extension Service 


- Nitrates in Drinking Water by the MN Extension Service 


- Understanding Nitrogen and Ag Chemicals in the 
Environment by the MN Extension Service 


- Pesticides and Pesticide Container Disposal by the 


= mm ie 
vow 
' = 


v=8 


eetoneps even ‘¥S0eQ4 bentnae: Aan 
ast +f gt ew vaertT 294 esa? val ber a 
toraq ect of beteties @€tneve bore natty 


: tance 


ot t+oatde ino 2'?tt otaloxwe of &658 tTostorxa ent 
na ete’ t+ baglet ams porta olbes bos eetsitw -996quwoh iat 
| . F od 1. sat Fc a2ene ees 
: i nL i¢eem Lene!) temretn. | 7 
ay . tow alaub tb . lsedbee> oe 
- iOo-de s sionecs auoelrev eff Flew henvolew 
) | steLaeA mevoor"s ae bhatagne 
; : sd . 1 bevieou” as. wer 
10? Lutaled . : isa ; ailqoeq eeernt 
9 at : : > [Tilew 2A : oe | 


at 


P14 1. i @ } @2 i; OF 47 iafoal ene 
| 1m = s* . . piotew shagtar 

2O0 ! >i ce } [aTowboos 8°88). 
am 76 ] : mi 16 os pblLid Brig e'arie by fel. a 
oe Bits 7. onan Os iwT s :[6 #3o 25800 9 7 
ws ] ) Hs > fe! an 


7 P 7 ; fa . 1¢c0 ¢ det teua were 
ts i 


witetawe ixe? wor no78 ntivwsse = 


P P | ue : 
S ' Te Ee } 10 e112 CO s*utoe78 = 


ban >> atikatJ idawa lia veboemmdoeh - 7 

ditiseH + 00 VM eA? wd peceltlides atneqimetiad — n 

| os ; ae 

VM ‘edt? ve ‘else? * 918908) eybadyoev2 sete aeeiae 
wera ee etn + 


i : 


[ar 


n'setovzen ti" 32 at aeltaevest nelituiiet rots eouon 
eacolves? nolanetnd® a ont “a — 


, | ViM ett vd »eteW ant Kt 40. “ot pbnet 


’ r : aa ot 


wahvewe2 netacern® Ws ort? 7 
: yy yo 

Pa 
ae 


oe aa eteotmend gA 
: ie Ri. 7 eoty : ° 


MN Extension Service 


Pesticides: Surface Runoff, Leaching and Exposure 
Concerns by the MN Extension Service 


Understanding Nitrogen In Soils by the MN Extension 
Service 


Rinsing Pesticide Containers by the MN Extension 
Service 


Water Quality for Livestock and Poultry by the MN 
Extension Service 


Garvin Brook annual report 


Water Quality monitoring and assessment in the Garvin 
Brook Rural Clean Water Project area 


i - 4 


ee Ne 
ha we AR, 


wolves nobenet Cae 


sm icose >? orn? eon? TWe :eebiorened 
r tO £ Brles Pee a3 ar? | enveoned i 


on : yi 


pen 
oa aN 
sI nego rti¥ ent tbneterebing en 

eohwnee 


4 m 24 raed. sblioltwa? orbit ie | 
“99 twee 


i ‘ ? . . b oA . & : 
{Cc " > Ri io? wttisud "ars « 
anoivagt neoteae tx 


Hood nofveaed, = 


‘ ; . i ie - - . , , v 
> 4 : asp » a 2 Le | Ti (2 4 & Sly "oTaw > ( 


AOD “8 


5.0 INSTITUTIONAL RELATIONSHIPS AND ECONOMICS 
S.1 Findings and Recommendations 


All agencies involved at the local level, whether 
Federal, State or Local, were part of the group that 
applied for funding through RCWP for the Garvin Brook 

. watershed. Thus there was a good relationship from the 
outset. When participation bogged down in the mid-80's, 
due to one reason or another, there was some finger 
pointing regarding who should be doing more of this or 
that. A project coordinator who would not be related to 
any agency may have solved the problem. As a whole, 
considering the number of agencies involved, cooperation 
was very good. 


Economic aspects of the project seemed to be mostly 
favorable. Participants, the general public, and 
government agencies were all satisfied with the level of 
cost-sharing and assistance that RCWP provided. 


5.2 Institutional Arrangements 


Seek Frojgect Administration 


County Executive Director (CED) and COC maKing 
recommendations to the LCC regarding administrative 
decisions with the aid and advice of other agencies and 
the Minnesota ASCS State Office Conservation Specialist. 
Where RCWP-1 Handbook procedure allowed, COC and CED 
alone made administrative decisions. 


See. e ECC/SCE Coordination 


The CED and the ASCS State Office Specialist coordinated 
all activity involving LCC/SCC.In some cases following 
the initial correspondence, specific technical, I & E, or 
M& E representatives would continue the coordination 
efforts. 


5.2.3 BMP Maintenance Tracking 


BMP maintenance was tracked by the technical agency 
responsible for the particular BMP. Maintenance problems 
were first discussed with the participant and if left 
unresolved were brought to the LCC. 


; The project was administered by ASCS, with the ASCS 


; 5.2.4 Assessment of Assistance Provided by Federal Agencies 

| The federal agencies most closely involved with the 
project at the local level are CES, SCS, ASCS. FmHA and 
FS were aware of the project at the local level and 
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offered assistance if needed or required. EPA and ERS 
were not involved at the local level. The LCC was 
satisfied with the assistance provided by Federal 
agencies. 


5.3 Economic Evaluation 


Installation costs of each BMP and the proportion 
cost-shared by RCWP 


Refer to RCWP-4 


Total cost-share assistance provided by RCWP and the 
amount and proportion going to each BMP 


Refer to RCWP-4 


Total RCWP project expenditures for technical 
assistance, financial assistance, and education and 
Extension 


Refer to RCWP-5 


Insights or observations about the cost-effectiveness of 
BMP's in reducing pollutant loadings and how the overall 
project might have been made more cost-effective. 


From a cost-effective standpoint with the largest impact 
made over the greatest numbers of acres, BMP #9- 
conservation tillage and BMP#15-Split nitrogen Management 
were our best practices. The program participants could 
normally participate in the BMP's with existing tillage 
equipment to meet our specifications. 


For a low cost per-acre, BMP1S had an incredible impact 
on nitrogen use in the project area(see table }s Tags 
was also an easy practice to sell to farmers from an 
economic standpoint. 


From the short term return standpoint, BMP2, Animal Waste 
management system was very cost-ineffective. The average 
cost of our waste management systems was $65,000.00. The 
majority of our participants could not have justified 
this practice with just their own resources. This 
practice can't be looked at from just an economic angle. 
Many of the systems were implemented on farms where 
incredible damage to the surface water resouce was taking 
place. This is also a long term practice and should be 
viewed over at least a twenty year time frame. Many of 
the farms with BMPs implemented no longer required 
commercial nitrogen fertilizer because all needed 
nitrogen could be recovered form the stored animal waste. 
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Bete 


Looking back over the ten years of the project some 
adjustments had to be made but all BMP's made available 
were required to fit site specifice problems. 


Impacts of the BMPs on producers costs and returns 


conservation tillage 


- fuel savings - fewer trips across fields 
- labor savings - fewer trips 
- equipment savings - fewer implements needed 


nitrogen management 


- decreased cost of commercial nitrogen fertilizers 
because of soil test nitrogen analysis 


- Ag. Wastes 


- high initial cost - long term savings because of 
decreased need for commercial fertilizers 


- decreased wear/tear on equipment - no winter manure 
spreading 


sinkholes 


- increased tillable area 
- improved water quality 


- pesticide management 
- producers were informed about how to scout for 


potential pest problems so they could treat early 
- saving time, money and yields 
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Institutional Relationships and Economics 


Off-site benefits of RCWP. Impaired water uses exiting 
before the project which are less impaired by 1990, or 
are expected to be less impaired in the future. 


Benefits within the Garvin brook Watershed can be 
verified by increased trout populations in Garvin Brook 
(see Table 5.3.6 MN-DNR standing trout population 
Survey.) They can also be verified by decreased nitrate 
levels in the test weeks regularly monitored (See Table 
4.2a MN Extension well monitoring study.) 


To claim offsite benefits outside the project area is 
harder to verify but we believe there definitely are 
offsite benefits. 


Garvin Brook outlets into Pool 5A of the upper 
Mississippi River. This area is located within the upper 
Mississippi river national wildlife and Fish Refuge. Any 
reductions in sediment, agricultural chemicals and 
fertilizers will have an obvious positive effect on the 
fish and wildlife species located in this area. 


Also affected would be the trapping, sport and commercial 
fishing and recreational activities that utilize the area. 


We feel that farmers will most readily accept mew 
practices based on recommendations made by other 
farmers. The Garvin Brook Project introduced new, 
innovative practices into the area that were contrary to 
popular thinking at the time. With the help of some 
progressive farmers, we were able to get some of these 
practices started. After ten years we now see these 
practices being utilized all over the county and are 
receiving requests for transfer of our technology out of 
the county to areas with similar problems all over the 
United States. A lot of this expertise was developed as 
we went, based on trial and error. Some methods were 
abandoned but the majority have become accepted 
engineering and agronomic standards. 
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| Table 5.3.6 


‘ \ . 
} : FISEERIES DATA 


I Garvin Frock 


Spring adult brown trout numbers and weight 1979-1988 


| Station 2 3 
length(ft = 395 Bsa 
river mi. 1. Bo cathe 2.8 
: TiOe lbs. Meeps NO- lbs. 
1379 21 5.4 65 12.4 
1362 32 pl ai 181 36 
| - 1981 11 6.7 BS 36.1 
1982 58 13.5 145 36 
1983 198 «49.7 55 36 
| 1384 227 wis y 277 74.6 
| 1985 {ss sees 25 52.2 
+ 1986 38 11.6 140 68 
1387 E47 43.3 283 41.2 
4 1388 516 37 511 89 
Biqys-s3 avg )6Ce (G4 17 205 43 
| 64-83 avg — _—* 232 63 
75-58 avg s-s«148 35 243 53 


distance From mouth 


| Fall fingerling abundance 


| Ticts _ ibs. 1. Tide lbs. - 
1379 SL a 315 15.8 
1382 4 2.2 5 @.3 
1381 43 4.9 123 1i.1 
1382 - 175 9.6 472 zs 
1383 zza 16.5 221 16.6 
1954 . 152 3.1 272 sas 
; 13585 z3 1.5 . 19 1 
| 1386 =oS 13.93 7232 2zz.8 
4 1387 £38 53 eSB - 18 
( 1386 41 2.5- 103 5 
NN, 
73-E3 avg 91 & 227 
14 
84-88 svg 217 17 . 182 1z 
73-BB avg is4 - 12 AS : Z04 13 


BSHI 
- 728 
3.5 
Tilte lbs. 
35 101.5 
z2 118.2 
223 65.2 
335 93 
234 96 
z34 95 
Tit. ] bs. 
284 14.2 
13 a.8 
141 9.1. 
zs 14 
175 10° 
100 
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6.0 


MONITORING PROGRAM DESCRIPTION 


6.1 


Findings and Recommendations 


A long term water quality monitoring strategy should be 
developed at the very beginning of a project. The 
strategy should consider: 


1) monitoring before, during and after BMP implementation 
has occurred, 


2} monitoring in a way to determine whether water quality 
goals are met 


3) Monitoring overall resource improvement 


4) Focused monitoring to assess the effect of specific 
BMPs. 


If long term funding is not secured at the onset of a 
project, the monitoring strategy should be developed 
accordingly in away that would produce meaningful data 
regardless of future funding levels. 


A diagnostic study should be conducted prior to the 
development of long term plans and implementation of 
costly BMP's. The Diagnostic study should determine: 
1)Pollutants of greatest concern in surface and ground 
water and specific land uses and area responsible for the 
water quality degradation, 2) baseline water quality 
prior to land use changes, 3) ground water recharge area 
boundaries, ground water residence times and other 
hydrogeologic characteristics 4) the flow system, 
especially as it relates to surface and ground water 
interactions, and 5) vertical variability in water 
quality within the aquifer. 


Very strict field and laboratory QA/QC is needed for long 
term trend monitoring. 


A long term overall project representative is needed to 
ensure coordination of all aspects of the project, 
including land use and monitoring activities. 


Vadose zone sampling can be beneficial to help determine 
the effectiveness of BMP implementation within a 
relatively short time frame. Sampling of both macropore 
and micropore water is needed. 


Land management changes (e.g. types of crops grown, # of 
livestock produced, set aside programs, conservation 
programs, etc.) should be monitored throughout project 
duration. 
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Testing of many domestic wells in the project area for 
nitrated can be a valuable service that can create water 
quality awareness and provide another means of 
contacting land owners about the project. This works 
especially well when the person collection samples and 
reporting results in a person also responsible for 
project promotion. It is also possible to use such data 
for tracking nitrate trends. 


Quantitative water quality goals should be established 
prior to implementation of Best Management Practices. 
Monitoring results can be used to set aggressive but 
realistic goals. 


Since it is often difficult to sort out land treatment 
effects from climatic effects on water quality, paired 
watersheds should be considered in future experimental 
studies. 


CLIMATE/METEOROLOGIC/HYDROLOGIC/LAND USE 
Climate 


Temperature and precipitation data was recorded by 
volunteer observers scattered in and around the project 
area. Data were computerized by the Minnesota Department 
of Natural Resources Climatology Department. The best 
continuous records to examine precipitation trends 
throughout the past ten years were at sites in Lewiston 
and Winona. 


Stream Flow 


Gauging stations were established and stage recorders 
were activated on Stockton Valley Creek at Stockton on 
February 26, 1982, on Garvin Brook near Minnesota City on 
Naren 4, 2902.6. and on Garvin Brook at Stockton on March 
4, 1982. Complete stage record was obtained at all three 
gaging stations except for August 7-31 at the station 
Sarvin+ Brook at Stoektons» Flow record® for’ that: period 
was estimated on the basis of one discharge measurement 
and by correlation with flow record from Stockton Valley 
Creek at Stockton. 


A total of 22 current-meter measurements were obtained 
and used to develop stage-discharge relations for the 
gauging stations. The measurements showed that 
stage-discharge relations were stable at the Stockton 
Valley Creek station and at the Garvin Brook station near 


Minnesota City. The Stage-discharge relation for Garvin 
Brook at Stockton was affected by aquatic growth in the 
channel. However, shifts were well defined by 


current-meter measurements and good records of flow were 
obtained. 


c-~d ‘ Pay 


+h 


~ ae ns oe “ if mh @rl StTeseneo vwosm +6). got 
f ae + geaive@e @ld@utaew 6 26 hee 
yy) ve is .e “et e4ws “a 
wit ftunde e@erenws ret ec it omit 
, ~s e1eq ef ioriw LLeow We Lie 4 seq 
1 as | () athe en tiyoqes 
oe "oi TeAle Ve +oet rem! | 


& 
r 
2 
a 
a 


e-tin enbaserr Wer 
: yy. 
: tew aviteti tiene » 
y . t oF Yorag. 5” 


fue9ot BaALee tae 
efaon oitetiqay 


ae 
Ne et +t egnie, = 
atlo mint efoarts a 
,ode gben2 teres 


_aetoute 


& 


SAORTAMNATAMI JD 


t 
cl 


etami tga 


4 


bes stuteIegnet 
edo 2e6b3RR TON \ 

me , oteG- eee 
Geer Lente eo ) 
: o74a7 ‘s00un TASS | 
+364 ant FOC ried at 
. ehiaev Si one oe a 


wD 


wots meevte. ; 
von 


+ gt . ori ‘detee 2 sw eno i tsTte: ante so 
a ' at yi lav GfNIaTs oo sigh he 


3 


. ‘ Pa . Aq 7 £5. ic® i> Facey at % 


eat i ih +6 Hoota alvvee neon sae. cet 


4 . sw S59¢658"% apaTSe._& acne: Eat 
: = =i be 
i 2 [ teuguA Ga 7he ents BT euee 


Posted | + tree wor" .sGRe sore ts Aoe a a Tht 
thom uesem sgigdeas® ane to elaed, 605 Oe) Geeeeeeee 
‘eliev > As ; ronr | a4 we Dt aah omnre hs oo a8 


a 
“ 
— 
fh 
~~ 
| a) 
7%) 
» 
4 
r 
ei 
Pe 
& 
- 


> 
Tota rok dr hi : 


tdo stow sfneme lease T3696 
: eif 6% efeltaliar ap .enee ip aaigate as 
a tent tawaite ppb c=! hc 
O gh ae tnit eit te setgate e78W ene 
psi ‘a 40078..nov580 Be oo 2 Bit 
rere ie ip oid Jae et we 

* y ) ‘tee 


a 


6-3 


Between 1982 and 1984, stage measurements were make at 
all three sites. Continuous stage measurements were 
obtained between 1984 and 1991 only at the Garvin Brook 
station near Minnesota City (GB-4.5). 


Ground Water Flow 


Ground water elevation measurements were not made on a 
regular basis. Potentiometric surface measurements were 
made at numerous wells during 1983 for the development of 
the Winona County Geologic atlas. Measurements were also 
obtained during 1990. Broadscale ground water flow 
directions were determined form the potentiometric 
surface measurements. 


Ground Water Flow 


Ground water elevation measurements were not made on a 
regular basis. Potentiometric surface measurements were 
made at numerous wells during 1983 for the development of 
the Winona County Geologic atlas. Measurements were also 
obtained during 19390. Broadscale ground water flow 
directions were determined form the potentiometric 
surface measurements. : 


Land Use 


A land use assessment of Garvin Brook watershed was made 
at the onset of the project. Garvin Brook Watershed land 
use information was also collected during 1984 for AGNPS 
modeling purposes. A land use assessment was not made 
for the Ground Water Recharge Area and land use was not 
carefully monitored for Garvin Brook Watershed between 
Boo 5) Jciiaca  LSe oi. 


SURFACE WATER 
Defining Water Quality problems 


A total of 14 stream sites (Figure 6.3a) were monitored 
in Garvin Brook Watershed on June 16, 1981, and June 23, 
1982, in order to determine: 1) water quality parameters 
of greatest concern and 2) variability in water quality 
at different points in the watershed. Three stations 
(GB-4.5, GB-11.3, and SV6-1) were sampled 4 to 12 times 
Bein ear uduring L982 and 1983. 


Routine Stream Sampling 


Monthly sampling and analysis of 18 parameters occurred 
at one Garvin Brook site (GB-4.5) between 1981 and 1991. 
This site is located 4.5 miles upstream from the 
confluence of Garvin Brook and pool SA of the Mississippi 
river. The purpose of this sampling was to provide 
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information useful for tracking long term base flow 
trends at a site that would best represent watershed 
conditions and where continuous stage-discharge 
information was available. The parameters analyzed are 
listed below. Routine stream sampling was not conducted 
at any other sites between 1984 and 1991. 


Nitrite + Nitrate (CNO2N03) 
Total Suspended Solids (TSS) 
Temperature (Temp) 

Turbidity (CTURB) 

Conductiviity (COND) 

Dissolved Oxygen (DO) 
Biological Demand (BOD) 
Chemical Oxygen Demand (COD) 
pH 

Total Solids (SOLOO) 

Total Volatile solids (SOLO5) 
Suspended Volatile Solids (SOL35) 
Organing Nitrogen (OrGN) 
Ammonia Plus Ammonium (NH3NH4) 
Nitrite (N02) 

Kjeldahl Nitrogen (KJEL) 

Total Phosphorus (TP) 

Botal Organic Carbon (CTORGC) 


Storm Event Monitoring 


The original intent of runoff event monitoring was to 
define the relation ship between discharge and sediment 
nutrient transport for various snowmelt and storm events. 
However, due to very few significant runoff events and 
difficulties in manually obtaining and difficulties in 
manually obtaining storm event samples during 1982 and 
1983, the first major runoff events were not monitored 
until June 7-8 and June 16-17, 1984. Samples were 
collected at two sites during the 1984 storms. Asa 
result of funding decreases and an increased emphasis on 
ground water, storm event sampling was discontinued 
between 1984 and 1988, and the original objective of this 
monitoring never was net. 


During May 1988, automatic water samples were installed 
at two sites on Garvin Brook. The primary objective for 
this monitoring was to generate additional storm event 
data that could be used to verify the computer model 
AGNPS. Two storm events were monitored in 1989 (April 
24-25 and May 24). 


Trout Surveys 
The Minnesota Department of Natural Resources (MDNR) has 


been conducting brown trout surveys at two control sites 
on Upper Garvin Brook since 1979. These''control" sites 
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are areas which are not stocked and where no trout 
habitat improvement projects have occurred. Brown trout 
are the primary species of trout found in these reaches 
of the stream. The trout shocking sites are located on 
Garvin Brook 1.85 and 2.8 miles upstream from the 
confluence of of Stockton Valley Creek at Stockton. 
Lenghts of the stream segments that are stocked and 
sampled are 595 and 830 feet at the two sites. The 
number of trout, total pounds of trout, and fingerling 
abundance are determined in the summer and fall. Spring 
adult trout numbers and spring pounds of trout were used 
for trend analysis because spring populations are less 
influenced by fishing pressure than fall trout numbers. 
Fall fingerling abundance was used in the trend analysis 
to minimize the influence that winter severity has on the 
Fingerling abundance. See Table 5.3.6. 


SOIL PROFILE (CVADOSE ZONE) 


Soil water samples were taken at depths between 2 and 22 
feet during 1988 and 1989 in order to: 


Determine whether high concentrations of nitrate and 
pesticides were moving through the rooting zone in fields 
that had been under RCWP contract for two to four years. 


Evaluate nitrate and pesticide contributions from 
agricultural fields, sinkholes, grassland, woodland and 
ponds in an effort to better characterize the major 
sources and pathways of ground water contamination. 


Twenty-nine soil water samplers were installed at 15 
sites and sampled two to eight times. Four different 
types of soil water samplers were used, including 
stainless steel pressure vacuum lysimeters PVL, BATr 
monitoring systems, glass block percolate lysimeters and 
wick Percolate sysimeters (Table 6-1). Water samples 
were analyzed for pesticides, nitrate and general water 
chemistry. 


In addition to the soil water samples collected from 
lysimeters, one-time soil samples were taken and analyzed 
at sites (sinkholes, woodland, pasture, and feedlot 
runoff areas). 
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6.5 GEOLOGIC INVESTIGATIONS/SITE SELECTION 


During 1983 and 1984, the Minnesota Geological Survey developed a 
geologic atlas for Winona County, the second county geologic atlas 
prepared in the state. The atlas included plates on bedrock geology, 
geologic resources, geology and well construction, susceptibility of 
the ground water system to pollution, bedrock hydrogeology, and 
sinkholes and sinkhole probability, The atlas was very beneficial for 
defining ground water flow, showing locations of sinkholes, and 
indicating areas most vulnerable to contamination. Based on the 
results from the atlas, the boundary for the Garvin Brook RCWP Area 
was redefined to include the entire ground water recharge area for 
Garvin Brook Watershed. 


A drilling rig and flight auger were used to conduct exploratory 
drilling before lysimeters were installed. One of the purposes in 
drilling was to find sites where saturated or near saturated soil 
conditions existed so that samples could be taken with BATs and 
Pressure Vacuum Lysimeters even under drought conditions. Another 
reason for sampling in saturated or perched conditions was to obtain 
water samples more representative of micro- and macropore movement. 
Saturated or perched conditions were found at several sites where low 
permeability till or bedrock existed. These sites were difficult to 
locate and of limited extent. The perched water sites are non-aquifer 
settings and water content and pore pressure varied over the study 
period. 


6.6 GROUND WATER 


The original ground water monitoring network consisted of 15 wells and 
3 springs located in Garvin Brook Watershed. The wells were chosen to 
represent each of the aquifers used in the watershed, and included 2 
Prairie du Chien wells, 2 Jordan wells and 2 Jordan springs, 9 
Franconia-Ironton-Galesville (FIG) aquifer wells and 1 FIG spring, and 
2 Mt. Simon wells. THese sites were sampled for a variety of 
parameters on a quarterly basis in 1982 and once in 1983, 1984 and 
PSS i. 


This network proved to be somewhat useful for characterizing water 
quality differences between aquifers, but was not adequate for 
evaluating ground water response to RCWP land use changes. Only two 
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of the eighteen sites had nitrate in excess of 3 mg/l and only one 
site had detectable pesticide concentrations in 1982. Most of these 
wells were withdrawing pristine ground water. 


In 1983, the Minnesota Department of Agriculture originated a project 
to sample domestic wells annually for nitrate-nitrogn (NO3-N). The 
original purpose was to raise the awareness of people in the Garvin 
Brook RCWP project area to current and potential water quality 
problems. Eighty domestic wells were selected to uniformly cover the 
Garvin Brook Watershed. The sampling was conducted each year (usually 
in June) by the Winona County Extension RCWP Program Assistant. 
Beginning in the summer of 1985, 65 additional wells in the Ground 
Water Recharge Area were added to the program. Nineteen more wells 
were added in 1986, for a total of 161. Many of the 161 wells were 
still being sampled in 1991; however, some well owners withdrew from 
the sampling program. 


The data set created from this annual nitrate sampling is the most 
useful data set for measuring ground water nitrate response associated 
with the Garvin Brook RCWP. The sampling program also heightened 
public awareness of ground water contamination problems and provided 
additional chances to discuss RCWP with landowners. 


Recognizing the limitations of trends associated with annual sampling, 
Winona County Extension initiated a program in 1988 to sample twelve 
wells at five-week intervals. The program was designed to assess 
short term nitrate concentration variability and extrapolate this 
information for the annual sampling program data interpretation. 


Due to increasing concerns about pesticides in ground water, the MPCA 
sampled 10 high nitrate wells in the RCWP Ground Water Recharge Area 
for alachlor and atrazine in 1985. Four wells tested positive for 
atrazine and five tested positive for alachlor. As part of a 
statewide pesticide monitoring effort, the Minnesota Department of 
Agriculture (MDA) began sampling these same 10 wells in 1986 for over 
eighteen different pesticides. Quarterly sampling of these 10 wells 
by MDA continues through 1988, with four wells sampled through 1991. 
The primary purpose for sampling these wells for pesticides was to 
determine temporal variability of pesticide concentrations in this 
Karst setting. In an effort to supplement the MDA data and further 
characterize the nature of ground water pesticide contamination in the 
Garvin Brook RCWP area, MPCA began sampling twelve wells during 1988 


Greg 
ene vino Lr \om SOx fit S7h°97E" Oe esTtze 
ni 4) ‘ , . » in * Len: le 4 ‘ iat ‘O25 i “as . Pe Bo. 5” 'oeteE 
, a 2 ele t : wmre?: pr w wwAriw's ' 


tania . 1 . mm? r73a90 #etoas eo, sor ee 
ea: ) | uit efLeaw 5) See olanae ¢ 
orn y Se . ari : aiw 4 actin fantes: 
; Q 7 sei toste%a SW, woe 

. s* $1 >iteemeb xehels tie to" 
wf Mi 7 wae of yon?r> erTaw: toes atv sien 
wii | ; nonkW eat ye Gomes a 
( , "Grune ait WE arinnieas 
Po] on ; abba # Yow 6Ge°A 3p \4050R 489 5h 
| ot 6 yo? . 8805 of bebe eee 
2olamee gated 1i:ae 
MsIeorg Hal iaqnse es 


Deny dines Tin JeowrAns [IAT mot bat ea ws Fee ated | 
oaTi ) 4 7¢ + } at ee es + Th 5 si 10? ¥ G2 ar eb Pa ute = 
ye Ne (ates oS ‘AWOR Aootw’ nAlweee ayers 


ri voip te seane ane Otis 
: we Cwm es Ds Rean eS ROROE ka 
4 i we < 7 ) ‘ene + * + oe 4 f Heh Br 
ry - cry "san. <= 


ein ete lea ast ited ‘ “Holts sTneones seardtA al 
rol feta wset: ete weit ) eotlqnse fevunnse ent 3267 neit 


ADSM €9"? ~setew. bn LAE. bloiteaqg Tueds enre@anoe 
awh O14 {907 yYeTaW -5 78. ‘aW9A srt Oo. et faw 7 ee 
Yo? evittasg betzet efllew sve5 Se Lx ak. ant 

its: * % T1859 a4 .asclteais 7a) Berreeee be 

| Fo teemtoeyed stoserrin eat tach te Ofd Foi aa rae 
+ @@F&! mt aliow fet enee Seat Brel eo *eboe 

84 e864? to pol igosd VL anerius- a: LS par 

wert setgmes eliew wwe ie BERL. a 


oa = Sel ter dow aa fama 


end gtoes 


“BM. 


aS ‘hi 
a 
A 


“fi 


ems) 


for over eighteen pesticides. These wells were the same twelve wells 
sampled for nitrate every five weeks by Winona County Extension. 
These wells were sampled for pesticides six times between February 
1988 and May 1989. From the combined MDA and MPCA monitoring 
sufficient baseline pesticide concentration data was established. 


Most wells sampled for nitrate or pesticides by MPCA were also sampled 
for other major ions. The purpose for this sampling was: 1) to add 
an extra measure of QA/QC through cation/anion balances, 2) assess 
ground water contamination of other parameters such as chloride and 
sulfate, 3) provide information for future geochemical modeling, and 
4) compare water chemistry among aquifers and spatial variability 
within given aquifers. 


A ''spin-off"' monitoring project was conducted by the MPCA between 1989 
and 1991. Fifty-four wells were sampled in the Garvin Brook Ground 
Water Recharge Area and wells west of this area as part of a broad 
scale project assessing geologic sensitivity of ground water resources 
in Minnesota. One of the reasons for choosing western Winona County 
to be one of the aquifer study areas was that much information was 
learned about the ground water system/quality in the RCWP area from 
work conducted by MPCA, MGS, MDA, and Winona County Extension between 
1981 and 1989. Therefore, this project was designed, in part, to 
build upon existing data. 


While much information was obtained from past studies, a lot of the 
water quality data in past work was either from: 1) wells that had 
very little Known about well construction and underlying geology; 2) 
wells which were in aquifers too deep to reflect recent land use 
conditions; or 3) vadose zone sampling. 


By sampling wells with associated well logs, the major goals and 
objectives of this spin-off study (conducted from 1989 and 1991) were 
15.2) 3 


ae Determine the variability of well water chemistry and quality 
withdrawn from the Jordan Sandstone and determine the geologic, 
hydrologic, and other factors controlling the observed variability 
in the study area; 


25 Characterize differences between water withdrawn from the Prairie 
du Chien Dolomites Formation and the Jordan Sandstone Formation, 
including nitrate concentrations, general chemistry and residence 
times; and 


3. Assess the sensitivity of the Prairie du Chien-Jordan Aquifer to 
contamination in this area of the state, and compare ground water 
monitoring results to sensitivity rankings; and 
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4. Assess the potential for denitrification to occur in the Prairie 
du Chien-Jordan aquifer in the study area. 


During the 1989 to 1991 project, ground water residence times were 
assessed from tritium and carbon 14 isotope data. This data is useful 
for obtaining very general estimates of the lag time between land use 
changes and ground water response. 


6.7 LAND USE/LAND TREATMENT 


Land use and land treatment were monitored using various methodology 
available to the agencies responsible for the Garvin Brook RCWP. SCS 
monitored land treatment practices through follow-up maintenance 
reviews. Annual status reviews were also good ways of monitoring land 
use and land treatment trends. 


The 1985 Food Security Act provided a vehicle for SCS to review land 
use in the watershed. Most RCWP participants were also participants 
in the USDA programs and thus were required to be actively applying an 
approved conservation plan by 1990 under the cross-complience 
provisions of the above mentioned act. This provided excellent data 
for monitoring land use and land treatment in the watershed. 


The annual Feed Grain Acreage Reduction Program made available 
excellent annual cropping data for program participants. Information 
on different crop acreages was readily available. Also, ACP practices 
completed in the program area as well as conservation practices 
installed without cost-sharing were listed with the BMPs completed 
under RCWP to monitor land treatment progress. 
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7.0 MONITORING RESULTS 
7.1 Findings and Recommendations 


Stream 


- Routine sampling of Garvin Brook 4.5 miles from its mouth showed no 
significant improvement in baseflow conditions between 1982 and 1990. 
Significant improvements observed in several parameters from 1982 to 1985 were 
followed by concentration increases between 1987 and 1990. 


- AGNPS modeling of storm event delivery to the mouth of Garvin Brook predicted 
17 percent reductions in TSS and 10 to 20 percent reductions in nutrient 
delivery resulting from implementation of RCWP BMPs. 


- Sediment delivery measured from all 3 major storm events that were monitored 
(1.65 to 2.2 inches precipitation) was within 33 percent of AGNPS predicted 
sediment deliveries. 


- Brown trout populations appear to have increased between 1980 and 1988 at two 
control sites. Declines in both fingerling and adult brown trout abundance have 
occurred during 1989 and 1990. 


- Future studies should focus monitoring in critical subwatersheds and use 
biomonitoring to aid in assessing long-term trends. 


Vadose Zone and Ground Water 


- Nitrate concentrations at 4-5 foot depths below four cornfield sites was in 
the range of 20 to 50 mg/l, even after 2-4 years of using RCWP nitrogen 
management BMPs. Either more stringent measures were needed to reduce nitrate 
leaching or more time was needed to observe the full benefits from the 
implemented nitrogen management BMPs. 


- Leaching of nitrate below fertilized land was a major source of ground water 
nitrate. Only certain sinkholes, those receiving runoff from heavily 
fertilized/manured fields, are believed to contribute much nitrogen to ground 
water in the studied area. 


- About 40 percent of over 160 wells sampled in the entire project area had 
nitrate-N concentrations in excess of 10 mg/l during the mid-1980’s. A greater 
percentage of wells exceeding 10 mg/l nitrate-N were found in the Ground Water 
Recharge Area. This was believed to be largely due to the great number of wells 
developed in the fractured carbonate Prairie du Chien Formation in the Ground 
Water Recharge Area. 


- From 38 wells pulling water from the Prairie du Chien formation, the median 
nitrate-N concentration was 11.7 mg/l. The Jordan formation wells had varied, 
but generally much lower nitrate-N concentrations, with a median of 2.2 mg/l. 
Wells in deeper aquifers, below one or more confining units, were found to have 
consistently very low nitrate concentrations (usually < 0.01 mg/l). 
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- Statistical analysis of annual nitrate data from 111 wells with nitrate-N 
greater than 3 mg/l showed 79 percent of all wells with no significant 

(p < 0.10) nitrate trend with time. When considering only wells with nitrate-N 
levels between 3 and 10 mg/l, slightly more wells had significant increasing 
trends than decreases. However, when considering only wells that had over 10 
mg/l nitrate-N during the first few years of sampling, 16 (31%) wells had 
Statistically significant (p < 0.10) decreasing trends and no wells had 
Significant increases with time. 


- No correlation was found between nitrate concentrations and proximity of 
domestic wells to sinkholes. Nitrate concentrations in water moving to ground 
water via sinkholes varied greatly, being very low in sinkholes surrounded by 
hay, grassland, or woodland and very high in sinkholes surrounded by corn 
fields. 


- A comparison of nitrate concentrations determined from water collected at the 
same places and times at three different laboratories showed significant and 
consistent differences in reported concentrations. Strict QA/QC procedures are 
imperative for long-term trend studies. 


- Of 21 domestic wells sampled in 1988 and 1989 for 18 to 25 different 
pesticides, 16 (76 percent) had at least one detection of the herbicide 
atrazine. All but two of the wells had detections less than the drinking water 
standard of 3 ppb, and many of the detections were in the range of 0.05 to 0.20 
ppb. The only wells with detectable pesticides other than atrazine were the 
same two wells with atrazine above 3 ppb. These two wells are Prairie du Chien 
(PDC) wells and are located on the eastern fringes of the city of Lewiston. 


- Relatively high concentrations of four pesticides were found to be entering 
sinkholes just south of Lewiston. These pesticides were believed to originate 
from the city of Lewiston, where very high pesticide concentrations were found 
in soils around commercial pesticide applicator facilities. Effects from 
pesticide management BMPs may be undetectable in some areas due to "point" 
source related pesticide problems. 


- Evidence of some leaching of pesticides (mostly cyanazine and atrazine) was 
found below cropland. 


- Of 143 wells sampled for coliform bacteria in June 1989, 20 percent had 
detectable bacteria (at least 2.2 MPN/100 ml). Coliform bacteria were found in 
certain wells from all aquifers, but were least prevalent in Jordan wells. 


- Vertical and lateral variability in water quality and residence times may 
only be understood when detailed geologic information is available. Relying on 
well driller’s logs alone was insufficient for accurately defining geologic 
sensitivity in this region. 


- Dissolved solids concentrations are generally lower in Jordan Formation wells 
than PDC wells. Water from both formations has low chloride, sulfate, and total 
dissolved solids compared to secondary drinking water standards and 
concentrations found in several other Minnesota aquifers. 
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- Denitrification is likely to be causing a reduction in nitrate in parts of 
the PDC-Jordan aquifer. Due to the likelihood of denitrification in the deeper 
part of the Jordan Formation, and the relatively low residence time (< 37 years) 
of water in the PDC and much of the upper Jordan, the nitrate situation should 
significantly improve in the PDC-Jordan aquifer (Winona Co.) within one 
generation following reductions in nitrate loading into the aquifer. 


7.2 Climate/Hydrologic 


Monthly precipitation departures from normal between 1981 and 1991 is shown in 
Figure 7.1. Precipitation was greater than average in 1981 (+3.3"), 1982 
(+2.7"), 1983 (+5.2"), 1984 (+2.07), 1986 (+8.0"), 1990 (+7.8"), and 1991. 
Precipitation was less than average in 1985 (-5.0"), 1987 (-1.0"), and 1988 
(-6.8") and 1989 (-4.2"). There were two extended periods of precipitation 
extremes during the project duration. From 1981 to 1984, total precipitation 
was 13.2 inches greater than normal. Between 1987 and 1989 total precipitation 
was 12.0 inches less than normal. 


Baseflow, while relatively low in 1982, remained above 40 cfs between 1983 and 
1986 at station GB-4.5 (Figure 7.2). This period was followed by decreased 
baseflow (27 to 40 cfs) between 1987 and 1990, perhaps in response to the dry 
1987-1989 conditions. Ground water flow is described in Section 7.5. 
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Figure 7.1: Average precipitation in Winona and depature from normal In the Garvin Brook RCWP Area. 
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(a) Normal precipitation In Winona, Minnesota (1951-1980). 
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(b) Departure from normal precipitation In the Garvin Brook RCWP Area (1981-1990). 
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7.3 Surface Water Results 


Defining Surface Water Quality Problems 


In 1981 and 1982 the parameter having the highest percent of violations in 
routine sampling was fecal coliform. Fecal coliform violations of 92 percent 
and 38 percent were reported at stations GB-4.5 and SVC-1, respectively. 
Turbidity violations were 29 and 33 percent at the two stations. Water quality 
problems at eleven other stations were excessive suspended sediment, high 
turbidity, bacterial contamination and low levels of dissolved oxygen (diurnal 
fluctuation resulted in dissolved oxygen violations). 


High sediment loadings, bacteriological contamination and low dissolved oxygen 
continued to be problems in 1983 at the three routine monitoring sites. Most 
parameters had higher concentrations at high flow than at base flow and higher 
concentrations downstream than upstream. Nitrate+nitrite is an exception to 
this pattern with higher values at baseflow and upstream. The higher 
nitrate+nitrite levels upstream is due to ground water discharging from the high 
nitrate Prairie du Chien formation in the upper reaches of Garvin Brook and 
Stockton Valley Creek. Ground water discharge further downstream is from deeper 
aquifers with low nitrate. Higher nitrate+nitrite at baseflow suggests that 
concentrations of nitrate+nitrite are greater in ground water than surface 
runoff. 


Stream - Routine Sampling Trends 


Annual and seasonal parameter medians were used to observe trends from 1982 to 
1990 at site GB-4.5. The use of medians in the trend analysis should minimize 
the impact that extreme or unusual values would have on data evaluation. These 
median values (from samples generally collected monthly) should best represent 
base flow condition water quality. Suspended sediment during this time should 
represent sediment brought into suspension from the stream bottom or stream 
bank. A reduction in erosion during small storms should result in less sediment 
in the stream that would be available for transport during base flow. Large 
runoff events may actually tend to flush some of the previously deposited 
sediment out of the stream. 


Medians for each parameter concentration were calculated for the whole year 
(each year between 1982 and 1990), for just the spring months (March-June, each 
year 1982-1990) and for summer and fall months (July-November, each year 
1982-1990). As reported in Wall et al. (1989), for the period 1982 through 1988 
Statistically significant improvements were observed for summer/fall total 
suspended solids, turbidity, dissolved oxygen and phosphorus. In addition fecal 
coliform bacteria levels were much lower than during the first two years of 
study. However, when years 1989 and 1990 were added to the trend analysis, no 
Statistically significant positive or negative trends were observed for all 19 
parameters (regression analysis for normally distributed data and Kendalls tau 
for non-normally distributed data). Median TSS, turbidity, T. phosphorus and 
fecal coliform levels are shown in figures 7.3 to 7.6. Levels of many 
parameters were high at both ends of the study (1982-1983 and 1989-1990) and 
lower in the middle years (1984-1988). 
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FIGURE 7.4 | Median Turbidity 


Garvin Brook 4.5 — Routine Sampling 
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FIGURE 7.3 Median Total Suspended Solids 


Garvin Brook 4.5 — Routine Sampling 
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FIGURE 7.5 Median T. Phosphorus 


Garvin Brook 4.5 — Routine Sampling 
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FIGURE 7.6 Median Fecal Coliform 


Garvin Brook 4.5 — Routine Sampling 
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Since median baseflow conditions were low both in 1982 and 1989-90, it was 
thought that the flow rates may help explain the water quality trends. However, 
when parameter concentrations were correlated with flow at the time of sampling, 
the only parameters with statistically significant correlation were nitrate and 
conductivity. Therefore, there is little evidence suggesting that the increases 
in sediment, phosphorus, and bacteria occurring from 1987 to 1990 was flow 
related. It appears that baseflow water quality has neither improved or 
degraded at station GB-4.5 between 1982 and 1990. 


Storm Event Monitoring and Modeling 


Three storm events with greater than 1.6 inches of rain were monitored at two 
sites on Garvin Brook (June 7-8, 1984; June 16-17, 1984; May 24, 1989). The 
average precipitation amounts over the watershed, peak flow rates, suspended 
sediment loading and phosphorus loading for the storm events are shown in Table 
7.4. 


Table 7.1. Average watershed precipitation, peak flow rates, suspended sediment 
loading, phosphorus loading, and AGNPS computer model predicted loadings for 
three storm events (for site GB-4.5; 4.5 miles from mouth of Garvin Brook). 


Storm Predicted Measured Predicted Measured 
Average Peak E.I. Sediment Sediment Phosphorus Phosphorus 


Date of Rainfall Flow Book Loading Loading Loading Loading 
Storm (inches) (CFS) Value (tons) (tons) (lbs) (lbs) 
June 16-17, 

1984 1.65 410 J; 1070 806 -- -- 
June 7-8, 

1984 2.2 700 14 2620 2855 == -- 
May 24, 

1989 1.65 450 7 980 700 4113 3000 


A comparison of Agricultural Nonpoint Source Pollution Model (AGNPS) predicted 
sediment and nutrient transport near the mouth of Garvin Brook was made with 
measured results from the three storms (Table 7.1). Since storm intensity was 
not directly measured, typical storm energy intensity values based on the amount 
of precipitation received were used in the modeling exercise. 


AGNPS predicted sediment loadings were reasonably close to measured sediment 
loading, varying by +28%, +33%, and -8.6% for the two 1.65" and 2.2" storms, 
respectively. Phosphorus was measured only during the 1989 storm. AGNPS 
phosphorus loading predictions were 32% greater than monitoring results 
indicated. 


Brown Trout Surveys 


Brown trout populations, which are very sensitive to climatic and hydrologic 
conditions, varied greatly between 1979 and 1990. Three year running average 
spring population, spring total weight, and fall fingerling abundance trends for 
two "control" sites are plotted on Figures 7.7 and 7.8. By visual examination, 
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FIGURE 7.7 ! 
MDNR Brown Trout Survey Results -— Garvin Brook 


Station #2 - 3 year running averages 
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FIGURE 7.8 
MDNR Brown Trout Survey Results - Garvin Brook 


Station #3 - 3 year running averages 
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it appears that there has been an increasing trend in Brown trout population and 
total weight at station #2 and a less dramatic increase at station #3. 


The number of brown trout generally follows the trend of fingerling abundance, 
but lags one year behind. A sharp decline in fingerling abundance was found for 
1988, 1989 and 1990, perhaps in response to drought. It is likely that the 
trend for trout populations will decrease in response to the decreased 
fingerling abundance during the past few years. 


7.4 Vadose Zone Monitoring Results 


The karstic nature of the Prairie du Chien Formation makes tracking of 
pollutants from the land surface into the aquifer very difficult. Therefore, 
monitoring within the soil and glacial deposits was important to better define 
the polluting potential of various land uses in the project area. In this 
report, soil water sampling will refer to all sampling conducted above the 
bedrock aquifers. Where possible, monitoring was conducted in saturated 
conditions, which were found at several sites above low permeability till or 
bedrock. However, these sites were difficult to locate and a certain amount of 
monitoring in unsaturated soil took place. 


Samples were first taken during February 1988 at selected sites. Sampling also 
took place during April, July and October 1988, and four times in April and May 
1989. Because several soil-water samplers were installed in October 1988 and 
water was sometimes unattainable from certain lysimeters, not every site was 
sampled on the noted dates. Nitrate analyses were performed on all vadose zone 
samples and pesticide analyses were performed when over 300 ml of water was 
obtained. One liter of water was usually submitted for base neutral pesticide 
extraction analysis. Chloride, ammonium, sulfate and other major soil water 
constituents were sampled at selected sites. The following discussion will 
focus on nitrogen and pesticide analyses. Figures 7.9 and 7.10 show average 
nitrate and maximum pesticide concentrations at the various soil water 
monitoring sites. 


Grassland 


Land that has been set aside in the Conservation Reserve Program (CRP) and 
planted to grasses was monitored as a control site--a site where no fertilizers 
or pesticides have been applied since 1985. Corn was the primary crop grown on 
the land before it was entered into CRP. Four percolate lysimeters, three glass 
block and one wick, were placed at a five-foot depth into silt loam loess soil. 
Nitrate concentrations were generally less than 1 mg/l at this site, with one 
analysis of 7 mg/l. Eighteen base neutral pesticides were analyzed in water 
from two of the lysimeters. The only pesticide that was detected was 0.02 ppb 
atrazine at one site in April 1989. This low concentration could be residual 
atrazine from 1983, when it was last applied. 


Woodland/Pasture 


A BAT (essentially a high-tech lysimeter) was installed 4.5 feet into a. 
saturated clay loam soil within a predominantly woodland and grassland area that 
is occasionally pastured. In five sampling events, nitrate-N concentrations 
were low, ranging from <0.5 to 4.7 mg/l. No base neutral extractable pesticides 
were found in three analyses at this site. 
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FIGURE 7.9 
AVERAGE SOIL WATER NITRATE-N CONCENTRATIONS 
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infiltrated runoff (non-sinkhole) sinkholes 


Soil water nitrate-N concentrations under various land uses. Each bar represents the average nitrate-N 
concentration from all samples collected at a given site (1 to 4 lysimeters and 1 to 8 sampling daics). 


FIGURE 7.10 
MAXIMUM SOIL WATER PESTICIDE CONCENTRATIONS 
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INFILTRATED RUNOFF (NON-SLNKHOLE) 


Maximum pesucide concentrauons found in lysimeters and BATs at depths between 3 and & feet. Each 
number, 1 to 11, represents a different field site (e.g. different farm). Sites 1, 2, and 3 had only onc pesticide 
detected; whereas site 11 (a sinkhole south of Lewiston) had 4 different pesticides detected. Two sites in 
woodland/pasture were the only sites with no pesticide detections. Note the chanye in the Y-axis at ] ppb. 
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Composite soil samples were taken in October 1988 at two woodland locations at a 
two- to six-inch depth under leaves from deciduous trees. Nitrate-N 
concentrations were 6.3 and 6.9 mg/l in the two samples. 


Corn Cropland 


Lysimeters were installed and regularly monitored in four fields that have been 
planted in corn. Corn field #1 has been planted in corn and contracted under 
RCWP since 1986 and alfalfa was grown previous to the corn. Nitrogen has been 
applied at a rate of 165 pounds/acre since 1986 and the primary herbicides used 
have been cyanazine, alachlor and atrazine. Six samples taken from a four-foot 
pressure vacuum lysimeter (PVL) at this site have had nitrate-N concentrations 
between 20 and 43 mg/l. Nitrate-N concentrations in an eight-foot PVL were 
usually slightly lower, ranging between 15 and 25 mg/l in seven samples. A BAT 
at a depth of 22 feet below loess, sandy clay loam, and sandy loam soils, had 
water with nitrate-N concentrations between 14 and 22 mg/l in three samples 
taken in 1988. From a total of nine samples taken at three depths (four, eight, 
and 22 feet) and analyzed for 18 base neutral pesticides, only two detections 
were found. Atrazine was found at 0.10 and 0.08 ppb on April 12, 1989, at the 
four and eight foot deep lysimeters, respectively. 


Two PVLs were installed in corn field site #2 -- one was placed into unsaturated 
silty clay loam at a four foot depth and the other was placed in saturated soil 
at an eight-foot depth. The land was planted to soybeans in 1984 and has since 
been in corn with 100-125 pounds of commercial nitrogen fertilizer applied per 
acre each year. In addition, an unknown amount of liquid and some solid hog 
manure is applied on this land once annually. Nitrate-N concentrations have 
remained between 18 and 29 mg/l in the four-foot lysimeter and 23 to 37 mg/l in 
the eight-foot lysimeter. Atrazine was detected in water from both lysimeters 
in 1989 at concentrations up to 3.5 ppb. Cyanazine was also found at a 
concentration of 1.13 ppb in the four-foot lysimeter. Trifluralin was detected 
at 0.29 ppb in the eight-foot lysimeter on April 25, 1989. 


In corn field site #3, three percolate lysimeters (one wick and three glass 
block) were installed five feet into a loess soil during October 1988 and 
sampled one to two times in April and May 1989. The land was contracted under 
RCWP and corn has been grown since before 1986, with 157 pounds/acre of nitrogen 
fertilizer applied since 1986. Atrazine, EPTC and cyanazine have been the 
primary herbicides applied since 1986. Nitrate-N concentrations in the four 
lysimeters have ranged between 34 and 48 mg/l. The herbicide atrazine was 
detected at a maximum concentration of 0.7 ppb and cyanazine concentrations were 
as high as 34.3 ppb. 


In corn field site #4, a four-foot pressure vacuum lysimeter and a 19-foot BAT 
were installed on the edge of a field where hay was grown in 1986 and 1987 
followed by corn in 1988 and 1989. Nitrate-N concentrations in the 19-foot deep 
BAT have generally ranged’ between 14 and 20 mg/l. Atrazine has been detected at 
very low levels -- <0Q.2 ppb in both the lysimeter and BAT. Trifluralin was also 
detected in the BAT at a concentration of 0.23 ppb during one of six sampling 
events. 


The elevated nitrate-N (20-50 mg/1) under RCWP contracted fields suggests that 
either more stringent measures were needed to reduce nitrate leaching or more 
time was needed to observe the full benefits from the implemented nitrogen 
management BMPs. 
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Runoff Infiltration Areas (non-sinkholes) 
Four non-sinkhole sites were monitored where runoff water ponds and infiltrates. 


A PVL was placed 2.5 feet deep in a small erosion channel 10 feet from a field 
that is in continuous corn. During storms, large volumes of water flow through 
this channel, some of which infiltrates. Water running over this site, in 
addition to water running off from other corn acreage, alfalfa, clover, and 
pasture land is contained by an erosion control dam. Bedrock exists one to two 
feet below the ground surface at the dam and drainage from the pond into 
underlying bedrock occurs at a fairly rapid rate. A PVL was placed 1.5 feet 
into the sediment at the center of the pond. Nitrate-N concentrations in the 
2.5 foot deep lysimeter in the erosion channel ranged between 6.9 and 10.2 mg/l. 
Pesticides were found during all (two) sampling events in April and May 1989. 
Atrazine concentrations were 5.4 and 4.8 ppb and cyanazine concentrations were 
0.7 and 78.0 ppb in the April and May sampling events at this site, 
respectively. Nitrate-N concentrations below the pond were quite low (less than 
4 mg/l). Atrazine and cyanazine were both detected below the pond at 
concentrations of 1.2 and 1.4 ppb, respectively. 


At a different dam site, water ponds from pastureland, cropland, and feedlot 
runoff following storms and snowmelt. The pond was dry in the fall of 1988. A 
soil sample taken at a four- to six-inch depth in the bottom sediment had 46 
mg/l of nitrate-N. The grab samples taken from the pond at this site in the 
spring of 1989, where over six feet of water was standing in the pond, all had 
total nitrogen concentrations less than five mg/l. 


At the third runoff-infiltration site, a 23-foot deep monitoring well and a 
four-foot BAT on unsaturated soil are located in a swale that receives runoff 
from an adjacent corn field and grassland. The well is located in a thin layer 
of redeposited sandstone under eight feet of silty clay loam and 13 feet of 
sandy clay loam till. Five samples from the BAT have had an average nitrate-N 
concentration of 17.5 mg/l, and five samples form the monitoring well have had 
an average nitrate-N concentration of 7.3 mg/l. Water from the BAT was analyzed 
for pesticides in April and May 1989. In April, 0.12 ppb atrazine and 0.29 ppb 
tribluralin were found. No pesticides were detected in the May sample. In five 
pesticide analyses of monitoring well water, atrazine was found twice (0.05 and 
0.07 ppb) and cyanazine was detected once (1.42 ppb). 


The last ponded runoff site to be discussed in this section exists 50 feet from 
a highway in a low lying area that is flooded after snowmelt or rain. Runoff 
waters entering this site originate primarily from a commercial pesticide and 
fertilizer applicator company that is located across the road, with a culvert 
under the road providing a hydrologic connection to the site. Other water at 
this site originates from road ditch runoff and cultivated cropland. A PVL was 
installed at a four-foot depth in primarily colluvial silt loam sediment. Two 
hitrate-N concentrations measured in water from this lysimeter were less than 
0.5 mg/l. Atrazine (0.085 and 1.18 ppb) and metolachlor (0.5 and 0.71 ppb) were 
found in both sampling events at this site. 
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Sinkholes 


PVLs were installed in four sinkholes and soil samples were collected from 
several other sinkholes in the Garvin Brook Project Area. The quality of 
sinkhole soil water was quite variable depending on the land uses where runoff 
water into the sinkhole originated. For example, sinkholes which received 
runoff water from corn cropland generally had between 20 and 100 mg/l of 
nitrate-N in soil at the bottom of the sinkhole, whereas sinkholes surrounded by 
grassland and hay had between two 20 mg/l of nitrate-N. One small sinkhole in a 
fertilized pasture had nitrate-N concentrations between 25 and 50 mg/l. 


Soil water from the bottom of five sinkholes was analyzed for pesticides. Two 
sinkholes had pesticide detections. One sinkhole received runoff from cropland 
and had nitrate-N concentrations of 17 to 34 mg/1 in 1988 and 43 to 73 mg/l in 
1989. While no pesticides were found from this sinkhole in 1988, three 
pesticides were detected in May 1989 (atrazine, 0.29 ppb; cyanazine, 1.1 ppb; 
and alachlor, 0.81 ppb). The sinkhole which appeared to pose the greatest 
concern for ground water quality was a sinkhole that received runoff primarily 
from the city of Lewiston. A series of five sinkholes located about 2000 feet 
south of Lewiston receive much of the runoff from Lewiston. A PVL was placed 
2.5 feet into sediment which had eroded into the first sinkhole receiving runoff 
water. While nitrate-N concentrations were always measured between 2 and 9 
mg/l, atrazine and metolachlor were consistently found at elevated 
concentrations and alachlor and cyanazine were also detected in two sampling 
events. The maximum and cyanazine were also detected in two sampling events. 
The maximum concentrations found in the sinkhole lysimeter were as follows: 
atrazine 24.7 ppb, metolachlor 7.1 ppb, alachlor 12.3 ppb, and cyanazine 27 ppb. 


Follow-up monitoring of runoff water from the city of Lewiston and a 
comprehensive pesticide application facility inspection by the Minnesota 
Department of Agriculture at five commercial applicators in Lewiston showed that 
sloppy pesticide handling at three facilities resulted in very high pesticide 
residues in the soil at the facilities. Eight pesticides at concentrations over 
1000 ppb were found in soil samples taken at the facilities. Alachlor, 
atrazine, cyanazine, metolachlor and EPTC were measured in soil samples to be 
over 70,000 ppb in at least one sample. The highest concentration of any 
pesticide in soil samples at the facilities was of EPTC at 1,555,000 ppb. 
On-site leaching of pesticides at these sites is likely a greater source of 
ground water contamination than runoff into the sinkholes. 
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7.5 Geologic Descriptions 


Most of the geologic investigation was conducted for preparation of the Winona 
County Geologic Atlas in 1984. Within this section of the report, an overview 
of the surficial, bedrock and hydrogeology are provided based on the Winona 
County Geologic Atlas, Geology of Minnesota Centennial Volume, ongoing work by 
Minnesota Geological Survey and personal observations. The focus of this 
discussion is on the geology in the vicinity of the Ground Water Recharge Area. 


Surficial Geology 


Pleistocene glacial deposits cover the study area. These unconsolidated 
sediments overlie the bedrock formations and comprise the surficial materials, 
except for a few small areas of alluvium and colluvium. Hobbs (1984) mapped 
three prevalent units in the study area: rtl loess-covered till and bedrock 
residuum; scs, outwash and till; and scl, loess-covered till, as shown in 
Figure 7.11. 


Map Unit Descriptions 


The map unit rtl (loess-covered till and bedrock residuum) covers most of Garvin 
Brook watershed. Hobbs (1984) dates rtl as Pleistocene, possibly Pre-Illinois. 
The typical glacial stratigraphy for this unit from bottom to top is: bedrock 
residuum, loess, till, and loess. The lower three layers appear to be absent in 
downcutting drainages, while the uppermost loess layer tends to drape into the 
drainages. The bedrock residuum is made up of sandy and clayey material formed 
by the weathering of the underlying bedrock formations. In the study area, the 
residuum is generally less than five feet thick and patchy. The till component 
of rtl ranges in texture from clay to clay loam and sandy clay to sandy clay 
loam. The pebble fraction of this till is dominated by weathered igneous rock 
fragments. Chert and sandstone fragments are found locally and carbonate 
fragments are absent. The till is usually less than ten feet thick and is 
thickest on the drainage divides and thin or absent near the drainages. The 
loess layers are composed of unbedded brownish silt loam. These layers were 
originally calcareous, but the carbonate material has been leached from the top 
five to eight feet. The loess layers are greater than ten feet thick on the 
drainage divides and thin or absent in the valleys. The map unit scl 
(loess-covered till) covers most of the Ground Water Recharge Area. It is 
bounded to south primarily by ses. The unit consists of a lower layer of till 
and an upper layer of loess. The till component is equivalent to the till in 
unit secs, and the loess component is similar to the loess component in unit scl. 
According to Hobbs (1984) the three units: scl, scs, and scp are of 
Pleistocene, possibly Pre-Illinoian age, and are stratigraphically higher than 
the unit rtl. 


The map unit scs (outwash and till) makes up the southwestern corner of the 
Ground Water Recharge Area. The units consists of a single unit of thin gray 
calcareous till less than ten feet thick, with localized patches of outwash. 
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The till is typically loam to clay loam, and contains pebbles, cobbles, and 
boulders. The till is usually less than ten feet thick and brown and 
non-calcareous where exposed to the surface. Granitic fragments of the Canadian 
shield dominate the very coarse sand fraction. Sand and coarser size particles 
of limestone and dolostone can be found where the till has not been leached. 


Thickness of Glacial Cover 


Lithologic information from well logs suggest that the thickness of glacial 
material over the bedrock varies from three to forty feet. The glacial material 
does not systematically thicken in any one direction, rather the variation in 
thickness is probably attributable to the erosional irregularities in the 
underlying bedrock surfaces. 


Bedrock Geology 


Overview 


The stratigraphic units encountered in the study area range in age from Upper 
Cambrian to Middle Ordovician. During this time a shallow continental sea 
covered Winona County, and widespread layers of sand, clay and lime mud 
accumulated. These layers were eventually compacted and lithified into the 
presently observed sedimentary sequence. The sequency is summarized ina 
stratigraphic column constructed by Mossler and Brook (1984), shown in 

Figure 7.12. The formations approximate planar tabular bodies which have a 
regional dip of only one sixth of a degree to the west-southwest. These 
Paleozoic strata probably overlie Precambrian granitic gneisses which have been 
observed east of the study area. 


Since the focus of ground water monitoring was on the Prairie du Chien-Jordan 
Aquifer, geologic descriptions will focus on this aquifer. The Jordan Sandstone 
represents the youngest Cambrian sediments in the study area. The Prairie du 
Chien Group caps the Jordan throughout the area, except in some drainages and 
valleys in the eastern part of the study area. The Jordan is a laterally 
continuous sandstone that varies in thickness from approximately 100 to 110 feet 
in the study area (Setterholm, 1991). 


Jordan Sandstone 


In Western Winona County the Jordan Sandstone can be divided into three members, 
namely the Van Oser Mb, the Waukon or Sunset Point Mb, and the Norwalk Mb 
(Setterholm, 1991). The Van Oser Member makes up most of the upper 90 to 100 
feet of the Jordan. It is characteristically a medium-grained, white to yellov, 
quartzone sandstone, although grain size varies from coarse to fine sand 
(Webers, 1972). Very fine-grained, felspathic, dolomitic, well cemented beds of 
sandstone and interbedded siltstone are found within the Van Oser Member (Odom 
and Ostrom, 1978). Setterholm (1991) suggests that these strata are analogous 
to the Waukon Member of northeastern Iowa and southwestern Wisconsin and the 
Sunset Point Member of south central Wisconsin. These very fine-grained beds 
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FIGURE 7.12 Stratigraphic sequence of Paleozoic bedrock in the Garvin Brook 
RCWP Project Area (modified from Mossler and Book, 1984). 
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range in thickness from 2 to 30 feet and can be traced up to eight miles along 
generally 10 feet thick. It is typically described as a very fine-grained 
dolomitic feldspathic sandstone (Odom and Ostrom, 1978) which may contain layers 
of siltstone in the study area (Setterholm, 1991). 


The Van Oser Mb is overlain by a unit of interbedded dolomitic sandstones, sandy 
dolostones, sandstones, and lesser amounts of siltstones, shales, and cherts. 
This heterogeneous unit has been called the Coon Valley Mb by Odom and Ostrom 
(1978). The unit’s distinctive lithology is not characteristic of either the 
Jordan Sandstone or the Prairie due Chien Formation. For this reason, the Coon 
Valley Mb is considered by some as part of the Jordan Sandstone, while others 
include it as part of the Prairie du Chien Formation. Work performed by the 
Minnesota Geological Survey suggests that the Coon Valley Mb may be laterally 
continuous and is 25 to 30 feet thick in the western Winona County study area. 


Prairie du Chien Group 


The Prairie du Chien Group lies above the Coon Valley Mb. The Prairie du Chien 
has a maximum thickness of approximately 270 feet. However, since it is usually 
the uppermost bedrock in the study area, in many places some of its original 
thickness has been removed by erosion. All formations in the Prairie du Chien 
Group are laterally continuous in the study area. The Prairie du Chien Group is 
divided into the lower Oneota Dolomite and the upper Shakopee Formation (Davis, 
1966). The Oneota Dolomite is thick-bedded, light brownish gray to buff, fine 
to medium-grained dolostone with a silt size dolomite matrix (Austin, 1972). It 
is approximately 120 feet thick in the study area. The Shakopee Formation is 
divided into the lower New Richmond Mb and an upper Willow River Mb. The New 
Richmond Mb is approximately 50 feet thick in the study area and consists of 
fine-grained quartzose sandstone and sandy dolostone with minor amounts of shale 
(Austin, 1972). The bottom 10 feet of the New Richmond Mb consists of 
interbedded dolostone, sand dolostone, and sandstone (Setterholm, 1991). The 
Willow River Mb is composed of thin to thick-bedded dolostone, sandy dolostone, 
Sandstone and some grayish-green scale (Austin, 1972) and may exceed thicknesses 
of 100 feet in the study area (Setterholm, 1991). 


Hydrogeologic Characteristics 


The Prairie du Chien-Jordan aquifer may reach thicknesses of up to 400 feet in 
the study area. The upper part of the aquifer is the predominantly carbonate 
Prairie du Chien Group. The porosity of this unit is said to be 
post-depositional or secondary. After the Prairie du Chien Group was deposited, 
geologic stresses caused the unit to become fractured. This mechanical 
deformation was later enhanced by chemical dissolution. Ground water moving 
through the fracture networks dissolved the bounding limestone and dolostone 
creating cavities, and in some cases, caverns (Kanivetsky, 1984). The Jordan 
Sandstone makes up the bottom 100 feet of the aquifer. Much of the porosity of 
the Jordan Sandstone is primary and attributable to void spaces between the sand 
grains. Since these pore spaces are sufficiently interconnected, water is able 
to travel through the rock by moving through these pores (intergranular flow). 
It is possible, however, that the porosity of the Jordan was increased by 
fracturing resulting in both primary and secondary porosities, at least in some 
areas. 
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The Coon Valley Mb is a 30 feet thick unit which lies between the Prairie du 
Chien Group and the Jordan Sandstone. Most of the porosity in this unit is 
probably secondary, however, there is a possibility of intergranular flow, 
particularly in the more sandy and silty beds (Setterholm, 1991). 


Potentiometric Levels 


Kanivetsky (1984) constructed a hydrostatic pressure or potentiometric map for 
the Prairie du Chien-Jordan Aquifer in Winona County. Based on the results from 
this map boundaries were drawn for the Ground Water Recharge Area which was 
added to the RCWP project area. In addition, the MPCA collected static water 
elevations at 16 wells during November 1990 in order to see if major changes 
were evident since 1984 and to obtain measurements at locations that were 
previously not measured. For the most part, the static water elevations 
collected by the MPCA were within a few feet of those illustrated by the map of 
Kanivetsky (1984). The supplemental points aided in creating a modified version 
of Kanivetsky’s 1984 map (Figure 7.13). The solid lines in Figure 7.13 
represent points of equal hydraulic potential within the Prairie du Chien-Jordan 
Aquifer. In general, water flows towards the northeast near Utica and Lewiston, 
in the general direction of Garvin Brook. 


In the ground water Recharge Area, the Prairie du Chien Group is the uppermost 
bedrock. Since the glacial material does not appear to be an effective 
confining layer, the Prairie du Chien-Jordan Aquifer is unconfined or under 
water table conditions in the project area. Static water levels in the Prairie 
du Chien-Jordan Aquifer decrease substantially with increasing distance from 
confined conditions west of the ground water recharge area. East of Lewiston 
the Prairie du Chien Group is so greatly dewatered that most wells must 
penetrate into the Jordan Sandstone to obtain sufficient yields. Static water 
level information seems to indicate that the Prairie du Chien Group and Jordan 
Sandstone are hydrologically connected and should be treated as one aquifer 
within the study area. 
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7.6 Ground Water Results 


Nitrate Monitoring Results 


Overview 


Of 80 wells sampled annually in Garvin Brook Watershed (between 1983 and 1990), 
the median nitrate-N concentration each year was generally between 4 and 5 mg/1, 
and in most years 20 to 24 percent of the wells exceeded the 10 mg/l drinking 
water standard for nitrate-N. An additional 81 wells were sampled annually in 
the adjacent Ground Water Recharge Area (GWRA) between 1985 and 1990. The 
median nitrate-N concentration of wells in the GWRA has been between 10 and 12 
mg/1 with 50 to 54 percent of all wells having nitrate-N greater than 10 mg/l. 
Only about 10 percent of wells in the GWRA have had nitrate-N concentrations 
less than 3 mg/l. 


The lower nitrate concentrations in Garvin Brook Watershed compared to the GWRA 
could be due, in part, to less infiltration resulting from the steeper terrain 
and less cultivated land in Garvin Brook Watershed. Also, there is less 
sinkhole development in Garvin Brook Watershed compared to the GWRA, with the 
exception of a ridge top on the western and southwestern portion of Garvin Brook 
Watershed. However, the primary reason for generally lower nitrate in Garvin 
Brook Watershed relates to the aquifers from which the water is withdrawn. 


Wells in the GRA largely draw from the unconfined karstic Prairie du Chien 
Formation, whereas ‘many more wells in Garvin Brook Watershed draw from the much 
less contaminated Jordan Sandstone, Franconia-Ironton-Galesvale, and Mt. Simon 
aquifers. The median nitrate concentrations shown in Table 7.2 for Prairie du 
Chien and Prairie du Chien-Jordan wells are much higher than for Jordan wells 
and Franconia-Ironton-Galesville wells. There are 66 wells for which casing 
depth and producing aquifer is known and nitrate data are available. The 
nitrate drinking water standard was exceeded in 59 percent (9 out of 16 wells) 
of Prairie du Chien wells, 50 percent (11 out of 22 wells) of Prairie du 
Chien-Jordan wells, 11 percent (two out of 17 wells) of Jordan wells and zero 
percent (zero out of 11 wells) of wells developed in the Mt. Simon and 
Franconia-Ironton-Galesville aquifers. 


Table 7.2 Aquifer and well construction as related to median nitrate 


concentration 
Total Med NO.-N Number Med NO.-N Number Median NO.-N 
Number (mg/1)° for Cased mg/1) coe Uncased for Uncased 
Aquifer of Wells Tot Wells Wells Cased Wells Wells Wells 
Prairie 
du Chien 16 10.8 4 95 eZ. 10.8 
Prairie 
du Chien- 
Jordan 22 LS 5 6245 iy) WANG) 
Jordan 1, Died 16 Zoe 1 58 
Franconia- 
Ironton- 


Galesville aM 0.01 us 0.01 0 =- 
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There has been only one monitored well stratigraphically below the Jordan 
Formation that has been affected by nitrate. This well, reported in the well 
log to be developed in the Franconia Formation, is one of three municipal wells 
for the city of Lewiston. Nitrate-N concentrations in this well have gradually 
been increasing since 1970 from 3 mg/l to over 8 mg/l. 


Table 7.2 also shows median nitrate concentrations for cased and uncased wells 
in the various aquifers. The presence and condition of casing appears to have 
an influence on well water quality in Prairie du Chien-Jordan wells. Median 
nitrate concentrations were more than twice as high in uncased Prairie du 
Chien-Jordan wells than in cased wells within the same aquifers. 


Nitrate concentration and temporal variability in concentration was not found to 
be influenced by proximity of sinkholes. 


Changes in Nitrate Concentration with Time 


Time trend analysis was conducted on data produced from annual nitrate sampling 
of numerous wells in Garvin Brook Watershed and the Ground Water Recharge Area. 
Wells chosen for trend analysis had 1) average nitrate-N levels during the first 
three years of testing that exceeded 3 mg/l, and 2) been sampled for a minimum 
of five continuous years. Wells with low nitrate (< 3 mg/l) during the first 
three years of sampling were not analyzed for trends, since 1) the reporting 
limit during 1983 and 1984 was 3 mg/l, and 2) low nitrate water was shown to 
often represent water that had entered the ground over 35 years ago or a mix of 
older and more recent water. 


Fifty-one wells in Garvin Brook Watershed met the selection criteria, 88 percent 
of which had been sampled each year between 1983 and 1990. The remaining 12 
percent were sampled from 1985 to 1990. Sixty wells in the Ground Water 
Recharge Area met the data selection criteria, 83 percent of which were sampled 
each year from 1985 to 1990. Nine wells (15%) were sampled from 1986 to 1990 
and one well was sampled from 1983 to 1990. Well sampling occurred each year 
between late-May and early July and took about two weeks to complete. 


Kendalls tau test, which is a nonparametric test of correlation, was used to 
measure the direction and statistical significance of observed trends. 
Statistical analysis results are shown in Table 7.3 and Figure 7.14. Two 
measures of statistical significance are noted in Table 7.3, p < 0.05 and 

p < 0.10. Significance levels of p < 0.05 or p < 0.10 indicate that there is 
less than a 5% or 10% probability, respectively, of obtaining a slope as 
different from zero as the observed slope if in fact there is no relationship 
between parameter value and time. Significance levels of p < 0.05 and p < 0.10 
are commonly used in scientific work to allow reasonable certainty that a 
relationship between parameter and time really exists. 


Trend results for Garvin Brook Watershed and the Ground Water Recharge Area were 
Similar. In both areas, trend analysis results differed greatly when comparing 
wells that had nitrate-N between 3 and 10 mg/l and those with greater than 


Seaplane was conducted by Winona County Extension and laboratory analysis was 
performed at the Minnesota Department of Agriculture Laboratory. 
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Table 7.3 Results of Kendalls tau test of correlation between nitrate and time 
conducted on data obtained from annual sampling in Garvin Brook 
Watershed and the Ground Water Recharge Area between 1983 and 1990. 


Area 
Garvin Brook 
Watershed 
Li} 


n 


Ground Water 
Recharge Area 
: Li 


Garvin Brook 
Watershed 


11] 


Ground Water 
Recharge Area 
" 


Nitrate 


Range Wells 


3-10 mg/l 
| 


3-10 mg/l 
" 


> 10 mg/l 
i 


# of 


S)5) 
" 


" 


25 


" 
i] 


35 


Ww 


p < 0.05 
p < 0.10 


*Slope dir. 


p < 0.05 
p < 0.10 


*Slope dir. 


Dp <7 0s05 
p< 0 10 


*Slope dir. 


Statistic 


27(772) 
24(69%) 


22 (88%) 
20( 802) 


10(62.5%) 
8(50%) 


30(862) 
27(77%) 


# No Trend # Increasing # Decreasing 


4(11.5%) 411.5%) 
6(17%) 5(14%) 
21(60%) 14(40%) 
3(12%) 0(0%) 
4(16%) 1(4%) 
14(56%) 11(44%) 
0(0%) 6(37.5%) 
0(0%) 8(50%) 
4(25%) 12(75%) 
0(0%) 5(14%) 
0(0%) 8(23%) 
9(26%) 26(74%) 


*Slope direction information includes many wells for which the slope is not 
Statistically different from zero. 


Figure 7.14 Nitrate concentration trends from wells sampled annually in Garvin 
Brook Watershed and the Ground Water Recharge Area for a period of 
Kendalls tau test of 
correlation was used to determine the significance and direction 
of trends for the two categories of wells. 


5 to 8 years (between 1983 and 1990). 
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10 mg/l during the first few years of testing. Seventy-three percent of wells 
with nitrate-N between 3 and 10 mg/l had no significant trend (p < 0.10), and 
more wells in this range showed significant increasing trends (10) than 
decreasing trends (6). However, when considering only wells that had over 10 
mg/l during the first three years of sampling, the only statistically 
significant (p < 0.10) trends were decreasing trends. Sixty-nine percent of 51 
high nitrate wells had no significant trend and 31% had a decreasing trend. 


It is unknown whether the observed decreases in the high nitrate wells are 
related to BMPs, climatic conditions or a combination of the two. It is 
possible that during the dry period between 1987 and 1989, nitrate 
concentrations decreased due to decreased leaching into the aquifer and 
denitrification and/or mixing of lower and higher nitrate waters within the 
aquifer. Continued monitoring of these wells should help to determine whether 
the trends are more likely due to climatic variability or implemented BMPs. 


The major differences in trends between mid-range and high-nitrate wells could 
be related to ground water residence times. High nitrate wells are very 
sensitive to surface contamination and likely have quick residence times (very 
young water). Therefore, these wells may reflect more recent land use changes 
and climatic conditions. Wells with nitrate in the 3 to 10 mg/l range could be 
somewhat less sensitive to surface contamination and may not be as responsive 
to recent land use and climatic conditions as the high nitrate wells. 
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Pesticide Monitoring Results 


Twenty-five wells, mostly within the Ground Water Recharge Area (GWRA), were 
sampled regularly for pesticides during 1988 and 1989 by three state agencies. 
The base neutral extraction process was used to determine concentrations of 18 
different pesticides, which included many, but not all, of the most commonly 
used pesticides in Minnesota. Seventy-six percent of these wells had at least 
one detection of pesticides, primarily atrazine (Figure 7.15). Two wells (eight 
percent) have had frequent detections of atrazine above the recommended 
allowable limit for drinking water of 3 ppb. 


Four of 10 wells with at least two atrazine detections occur in or adjacent to 
the city of Lewiston. Two of these four wells are Lewiston municipal wells. A 
municipal well in the Jordan Sandstone that is cased to a 326 foot depth has had 
two detections of atrazine (0.05 and 0.09 ppb). A Franconia Formation municipal 
well cased to 393 feet has had frequent atrazine detections at concentrations 
between 0.3 and 0.8 ppb. Both municipal wells also have elevated nitrate (6 to 
9 mg/l). It is possible that large volume pumping of the municipal wells have 
drawn contaminated water from the Prairie du Chien downward, thereby affecting 
the lower aquifers. Leaks in the casing may also be a problem. The other two 
wells in Lewiston that have had pesticides are on the eastern edge of town and 
draw water from the Prairie du Chien-Jordan. Both wells consistently (eight 
analyses) had atrazine concentrations between 3 and 7 ppb. One of these wells 
also had five detections of dicamba (0.4 to 0.9 ppb) and three alachlor 
detections (0.15 to 0.5 ppb). The other well had one detection of alachlor 
(0.23 ppb) and one detection of metribuzin (0.18 ppb). 


Figure 7.15 Relative frequency of atrazine detection in wells sampled for 
pesticides. 
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With the exception of the two wells on the eastern edge of Lewiston, atrazine 
has been the only pesticide detected in well water in the project area since 

1987. Alachlor was found in two additional wells in 1985, but since has not 

been detected in those same wells. 


Of the 13 Prairie du Chien and Prairie du Chien-Jordan wells regularly tested 
for pesticides, 12 had at least one detection. Six wells had infrequent low 

detections of atrazine (generally less than 0.2 ppb), and the other six wells 
had frequent atrazine detections, most at concentrations greater than 0.8 ppb. 


Ten wells sampled for pesticides draw from the Jordan Sandstone: three had no 
detection, five had infrequent low-level detections (<Q.1 ppb), and two wells 
had more frequent detections at concentrations greater than 0.1 ppb. 


Two wells developed in the Franconia-Ironton-Galesville Formations were tested 
for base neutral pesticides. One well, the Lewiston municipal well previously 
discussed, had frequent atrazine detections and the other well had no 
detections. 


The number of atrazine detections per sampling event decreased considerably in 
the very dry summer and fall months of 1988. The percentage of wells with 
detected atrazine increased in spring 1989. There has been no consistent 
seasonal pattern for when pesticides were detected more or less frequently, 
except for a few more detections in the spring months and a few less in summer. 


Between 1986 and 1989 there was no obvious increasing or decreasing trends in 
atrazine concentrations. There have been a few slight increases or decreases 
over time, but generally the levels have remained constant. 


Bacteria Monitoring Results 


Twenty-three percent of the wells sampled in the study are showed at least 
occasional coliform bacteria contamination. Unlike nitrate contamination, the 
bacteria-contaminated wells are equally distributed between Garvin Brook 
Watershed and the Ground Water Recharge Area. Of 25 wells found to be 
contaminated with bacteria in one sampling event, five (20 percent) had 
nitrate-N analyses of less than 3.0 mg/l, nine (36 percent) had nitrate-N 
between 3 and 10 mg/l, and 11 (44 percent) had nitrate-N greater than 10 mg/l. 


The Prairie du Chien, Mount Simon, and Franconia-Ironton-Galesville aquifers all 
had approximately equal percentages of coliform contaminated wells. The Jordan 
aquifer was less contaminated, with only one of 11 wells contaminated by 
bacteria. Cased wells were slightly less impacted by bacteria than uncased 
wells. 


1989-1991 Study of Water Quality and Sensitivity of the Prairie du Chien- 
Jordan Aquifer in Western Winona County 


A study was conducted in the Garvin Brook Area as part of a multi-agency study 
related to assessing sensitivity of ground water resources in Minnesota. The 
Minnesota Pollution Control Agency (MPCA) Water Quality Division focused on 

water quality of the Prairie du Chien-Jordan aquifer in a 100 square mile area 


. a . 
c a~ “ . . -~ CP? ; - ie, 
‘ j c ' to ¢.1lew ows =H ‘ » 2 


iW Lis af het ve t, elisa. at é 


wT LO05 OW) + fol i _ amt 
attel INE enue ak “pole 1s 


| sae 
ben nett ob ave ue 7 a 


i O27 i a teest 32 >on: . tobe: sie 
fgg 49 eee (ona g) Sets Se: gine yeore 
Loo 2 co foetsb eitagaie tiempos hi 
x com Z 
5b Peni aizs sq 3203 be lamar: alls: 1 
at rial ‘bert vb} MLS Se s 

Hid i toaTah Inaopes? a ai 


a 
* 
> 


* 


ueses: —BINGE 2% — a bsnolsveb oT? 
et . tigeq ferrusn seed ¥y 


L138 34 woe Ti rs bai! os ip 4 


nee 
Une 


3b snkterts to Tedtiun 


: io adroow [let hee sens yb 4 
2 a 
b 3 iiLe I is ‘ a 3.6 7 rm ontséns@ Seo 
2 Bs 3 aq iW 02° nae? Taq tenn 
é i a rE 3 4290 a ee a, ' 


a vet 5 x08 2 
3 Se On ¢aV sety &£2¢7 ons BaP 4 
128 as es t Sy 1996 esi sted] in Llexseenne: 


VBA Z£ieyvel wat ote srt aad 
22 ysizos inom: Bt 


P dons ‘s be eO1s a od nz ? a ae 2leey on +6 jags> rn 
Motsen times | bn gal k Lai Hottscitetods #hyvetasd 16 
HOGA | ) gees ssudrisets sete ean aliaw be nhonee 


i ae 


: Heel Bilew Co 7) eth spiaiogh satel bavess eee 
ui A Toes ye ‘ \ waa be j -" wn | yy : 
P ; (taeor \ evi? ,tnaes enitiaa i pao at sitsrose det 
a { >7 ee? * Vor 7 fr \ ~ 
eras a20304 OF) sate ,f\ge OF nate geek roy 


Lupe OL nmedy sets y A-oleasin bet (tmase omy Gk) hia bas yi c\y 4 


ae. re a es 2 _ < : 

448 S302 lupe sliiveselad-noxnonT taopne 24 bre - stone, ‘paw Me eek 
. ait oro r _. -_ ) ; oe wes. < 
nebyol efT .aflav berenineh ipo MIehilas Io asgeineotsq ledges 


YO Solsnigetnoo abfew 12 3p eee ino arty 4 
betioww neds $iis?ced ed be? >mgek teal tiv 
aa 


fa J 


givt das brs wa! 


“ girs aud gta to 4 


7-29 


of west-central Winona County which included the Ground Water Recharge Area for 
the Garvin Brook RCWP. This summary discusses the results from two rounds of 
samples taken from 22 Prairie du Chien (PDC) wells and 32 Jordan Formation wells 
during the spring and summer of 1990. Primary goals of the study were to 
determine the variability of water chemistry within the formations, relate the 
water quality and variability to geologic sensitivity, and assess the factors 
affecting water quality and residence times within the aquifer. Nearly 90 
percent of sampled wells had an associated well log and were completed in the 
PDC or Jordan Formation. Water from all wells was analyzed for nitrate and 
field parameters, and most wells were analyzed for other major ions, dissolved 
organic carbon and silica. Tritium (age dating) analysis was conducted on water 
from 22 wells and pesticides were analyzed in six wells. Geologic information 
was obtained largely from the Winona County Geologic Atlas, supplemented with 
downhole geophysical logging analyses performed by the Minnesota Geological 


Survey. 


The Minnesota Department of Natural Resources ranked the geologic sensitivity 
throughout most of the project area as high or very high based on soil parent 
materials (level 1 assessment). Elevated nitrate, tritium and chloride 
concentrations in many wells throughout the project area suggest that portions 
of the Prairie due Chien-Jordan aquifer are indeed sensitive to surface 
contamination. However, great variability in nitrate, tritium, and other 
parameter concentrations was found throughout the project area. 


In general, the water chemistries varied much less among Jordan wells as 
compared to water chemistry differences among PDC wells. While several PDC 
wells have water chemistries and quality similar to Jordan wells, PDC wells had 
high nitrate, chloride, sodium, calcium, and bicarbonate and lower pH than 
Jordan wells, on the average. 


The maximum detected chloride and sulfate concentrations in both formations were 
far below secondary drinking water standards. Nearly 50 percent of the 22 
Prairie du Chien wells sampled had nitrate-N in excess of 10 mg/l. Older PDC 
wells and PDC wells not protected by overlying shale tended to be more greatly 
impacted by nitrate and other dissolved solids. Nearly 75 percent of Jordan 
wells had nitrate-N in the range of one to seven mg/l. The highest nitrate-N 
concentrations found in Jordan wells were 10 mg/l in a municipal well and 11 
mg/l in a domestic well. The water chemistry of the 1945 constructed municipal 
well indicated that the well was likely drawing much of its water from the PDC 
rather than the Jordan, due perhaps to a poor seal and high capacity pumpage. 


Tritium analysis results showed that while some Jordan wells withdrew water 
which had more recently entered the aquifer, other Jordan wells were withdrawing 
water that had entered the ground prior to the mid 1950’s. Of five PDC wells 
analyzed for tritium, three had recent water (post-1954) and two wells had a mix 
of older and recent water. The two mixed age PDC wells had nitrate-N 
concentrations averaging 2.4 and 0.36 mg/l. Of sixteen Jordan wells with 
tritium data, six wells have older water (pre-1954), six wells have recent water 
(post-1954) and four wells have mixed water. Four of the older water wells had 
nitrate-N concentrations less than 0.01 mg/l, and the other two older water 
wells had nitrate-N averaging 3.2 and 1.2 mg/l. The low nitrate concentrations 
in the pre-1954 water suggest that either very little nitrate was entering 
ground water before the mid-1950’s or that nitrate entering ground water was 
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lost through denitrification, or a combination of the two. The potential for 
denitrification, based on redox potential, dissolved organic carbon and 
dissolved oxygen measurements, was high in the four nitrate-free wells and 
somewhat lower for the older water wells with measurable nitrate. A third round 
of sampling conducted in April 1991 will provide additional information to aid 
in further understanding residence times, nitrate levels and denitrification 
potential in the study area. The third round of data will be incorporated into 


a 1992 report to EPA. 


Geophysical logging information, combined with well drillers log information and 
water chemistry results, show that higher nitrate concentrations and younger 
water is found in the PDC formation and upper Jordan formation. Since the 
Jordan Formation is divided into several geozones by lower permeability units, 
significant differences in water chemistry exist vertically within the Jordan. 
The lower part of the Jordan, especially where the Sunset Point Mb is present, 
is much less sensitive to surficial contamination compared to the PDC and upper 
Jordan. It is recommended that new wells in the area be SESE. at least 30 to 35 
feet into the Jordan, where possible. 


Vertical a4 lateral variability in water quality and residence times can be 
best understood when detailed geologic information is available. Relying on 
well driller’s logs alone is insufficient for accurately defining geologic 
sensitivity in this region. The Minnesota Geological Survey produced a 
sensitivity map based on a number of geologic factors. Nitrate concentrations 
from this study corresponded fairly well with the sensitivity rankings. A 
minimum of a level 2 assessment (MDNR guidelines) should be used to evaluate 
sensitivity in similar areas of southeastern Minnesota. Geologic sensitivity 
assessments utilizing detailed geologic information appear to be a reasonable 
means of prioritizing where to implement Best Management Practice efforts (e.g. 
nitrogen fertilizer and pesticide management). 


Due to the likelihood of denitrification in the deeper part of the Jordan 
Formation, and the relatively low residence times of water in the PDC and much 
of the upper Jordan, the nitrate situation could significantly improve in the 
PDC-Jordan aquifer within one generation following reductions in nitrate loading 
into the aquifer. 


Fe | Relationships Between Land Use/Land Treatment and Water Quality 


Using AGNPS Model to Predict Storm Event Nutrient and Sediment Delivery 
Changes Between Pre- and Post- BMP Implementation 


The computer model AGNPS, Agricultural Nonpoint Source Pollution Model, (Young 
et al., 1987) was used to predict nutrient and sediment delivery to Garvin Brook 
during storm events. Because AGNPS modeling results were relatively close to 
stream monitoring results, it was decided that AGNPS modeling using pre- and 
post-BMP implementation land uses should provide a rough estimate of the affect 
of the RCWP on storm event sediment and nutrient delivery. 


Watershed and land management information was originally input in 1984. This 
data set did not account for most BMPs introduced as a result of the Garvin 
Brook RCWP. In 1989, changes were made to eight AGNPS input parameters in 179 
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forty acre cells (22.6 percent of all cells in the watershed) based on actual 
RCWP contracted land use changes. In many of the 40 acre cells, BMPs were 
implemented on a certain fraction of the entire cell due to farm boundaries, 
forested land, or other land uses that could not be contracted under RCWP. The 
magnitude of changes made to the input parameters of each cell was based on the 
percentage of each cell that had BMP implementation. 


Some contracts for BMPs expired in 1987 and 1988 but were still included in the 
data file parameter changes, along with new (1989) contracted BMPs. Therefore, 
the modeling was conducted under the assumption that all BMPs contracted during 
any year of the program were under implementation at the same time. 


The original file was largely created by Winona County SCS staff. This file was 
modified by the MPCA in March 1989, to include the RCWP management practice 
changes that have taken place since 1982. The following is a list of the seven 
data file input parameters of the AGNPS model that were changed. 


1. SCS Curve Number: Changes were made in cells that had conservation tillage 
systems and permanent vegetative cover implemented. 


2. Mannings Roughness Coefficient: Changes were made in cells that had 
conservation tillage systems, permanent vegetative cover, sediment 
retention, erosion, or water control structures, and waterway systems. 


3. Support Practice Factor: Changes were made where contour farming was 
implemented. 


4. Fertilization Level: Reductions were made in cells that had fertilization 
management and were considered by Winona County SCS office to be operated by 
conservation minded individuals. 


5. Fertilizer Availability Factor: Changes were made to cells that had 
conservation tillage implemented. However, changes were fairly minor due to 
the practice of injecting fertilizer in contracted areas. 


6. Chemical Oxygen Demand: Parameter values were changed only if cropland was 
changed to pasture, forest, or permanent vegetative cover. 


7. Point Source Designator: Where animal waste management systems were 
installed or where feedlots were determined to have a minimal impact on 
water quality, those cells were considered to have only one animal in the 
feedlot. One animal in the input file suggests that there is very little 
runoff from the feedlot area going into the stream. 


8. Cover and Management (C-factor): The C-factor was found to greatly 
influence predicted sediment transport. Changes were made in cells with 
conservation tillage implemented or permanent vegetation established. 
C-factor values were representative of late May to early JUne conditions for 
Winona County. 
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The land use changes in the 31,640 acre watershed that were incorporated into 
model inputs were: 


Conservation Tillage 3,364 acres 
Fertilizer Management 4,739 acres 
Contour Strips 1,471 acres 
Permanent Vegetative Cover 611 acres 
Waterway System 482 feet 

Animal Waste Management Systems 15 


The computer model was run for storms of varying degrees using both the original 
data set and the post-BMP modified data set. Tables 7.4 and 7.5 list pollutant 
delivery to the mouth of Garvin Brook for a one year 24-hour storm and a five 
year 24-hour storm during the period of late spring to early summer. 


Slight differences in the percentage of improvement between pre- and post-BMP 
implementation were shown in several parameters. Predicted total sediment yield 
was 17 percent lower following implementation of the RCWP BMPs for the one- and 
five-year storms. The degree of predicted nutrient reduction was similar to 
that of sediment reduction, but varied with each nutrient parameter and storm 
size. 


Table 7.4 Pre- and Post-BMP AGNPS modeled nutrient and sediment yield froma 
one year 24 hour storm (2.5 inches) with a Storm Energy Intensity 
value of 16. 


Pre-BMP Post-BMP Improvement 


Total nitrogen in sediment (lbs/acre): 0.56 0.49 13% 
Total soluble nitrogen in runoff (lbs/acre): On 31 0.28 10% 
Soluble nitrogen concentration in runoff (ppm): 2-'6 2.4 8% 
Total phosphorus in sediment (lbs/acre): 0-28 0.24 15% 
Total soluble phosphorus in runoff (lbs/acre): 0.06 OH05 18% 
Soluble phosphorus concentration in runoff (ppm): 0.50 0.40 IRS 
Total soluble chemical oxygen demand (lbs/acre): 12.36 its (Sul 6% 
Soluble chemical oxygen demand concentration 

EeEunorf (ppm): 1OZ 100 2% 
Total sediment yield (tons): 3623 3067 yin 
Runoff (inches): O53 OrSL 42 


Table 7.5 Pre- and Post-BMP AGNPS modeled nutrient and sediment yield from a 
five year storm (3.7 inches) with a Storm Energy Intensity value of 39. 


Pre-—BMP Post-BMP zIimprovement 


Total nitrogen in sediment (lbs/acre): 1.48 1.29 14% 
Total soluble nitrogen in runoff (lbs/acre): Of 57 Oxa2 9% 
Soluble nitrogen concentration in runoff (ppm): 220 1.9 SVs 
Total phosphorus in sediment (lbs/acre): On74 0.65 13% 
Total soluble phosphorus in runoff (lbs/acre): O10 0.08 20% 
Soluble phosphorus concentration in runoff (ppm): 0.3 O23 OZ 
Total soluble chemical oxygen demand (lbs/acre): 27.81 26.58 By4 
Soluble chemical oxygen demand concentration 

in runoff (ppm): 100 98 2% 
Total sediment yield (tons): 12,198 105356 alas 


Runoff (inches): a2 5 e's 3% 
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Vadose Zone Sampling 


The only monitoring activity that tied specific land uses to water quality was 
the Vadose Zone sampling. Results from Vadose Zone sampling were previously 
described (Section 7.4). Some of the conclusions from this effort are stated 


below: 


Elevated nitrate levels (20-50 mg/l) were still leaching below the rooting 
zone two to four years after implementation of Nitrogen Management BMPs. It 
is likely that it will take several more years before the effects of previous 
nitrogen mismanagement are leached out of the rooting zone. 


Many sinkholes currently contribute very little nitrate to ground water. 
Sinkholes surrounded by heavily fertilized or manured land were found to have 
high nitrate concentrations within the sinkhole. 


Point sources of pollution (pesticide distribution and application 
facilities) contributed significantly to ground water pesticides. Point 
sources of pollution should also be targeted in pollution prevention efforts. 
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Understanding Nitrogen and Ag Chemicals in the Environment. MN 
Extension Service 


Pesticides and Pesticidé Container Disposal. MN Extension Service 


Pesticides: Surface Runoff, Leaching and Exposure Concerns. MN 
Extension Service 


Understanding Nitrogen In Soils. MN Extension Service 
Rinsing Pesticide Containers. MN Extension Service 
Water Quality for Livestock and Poultry. MN Extension Service 


Garvin Brook annual report 
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ADDENDUM 


JECT FINDINGS 


- Project started to stagnate when producers in the surface 
watershed became disenchanted with the goals of the project. 


- Because of questionable funding levels, it was difficult to 
Know from year to year what monitoring activities could be 
performed. 

- When producers disagreed with the need for a certain BMP, 
it often became a stumbling block in the producers 


willingness to participate at all. 


- The Garvin Brook Project faltered somewhat in the early 
going due to lack of coordination between agencies involved. 


- Some landowners in the watershed seemed to be under the 
impression that this project would be a flood control 
project. 

- Not enough water quality baseline data was available at the 
start of the project so it was difficult at times to show BMP 
needs. 


I & E Goals and Objectives 


This heading was mislabeled as Inventory and Evaluation. 
It is Information and Education, Goals and Objectives 


Summary of Annual Achievements 
1983- Well water study and mapping began 
1985- Nitrogen Rate Management Plats started 
Average Annual Fertilizer Savings 
Split Nitrogen Application cost-sharing 
1986- Winter Farmer Educational Programs began 


1989- Corn Rootworm Insecticide Rate studies began 


Number and Proportion of Project Area Producers 
Implementing each BMP under RCWP from 1981 - 1990 
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Best Management Practice 19619 =" #990 
Number & Units Propontion Participants 

BMP1-Permanent Vegetative Cover 25.4 ac 1% 1 
BMP2-Animal Waste System LS 19% 1S 
BMP3-Strip Cropping System 5} 3) ) ac 5% “ 
BMP4-Terrace System 14,850' 1% ih 
BMP5-Diversion System 6h tei ( 0) 72 9% 7 
BMP6-Grazing Land Protection -- -- -- 
BMP7-Waterway System Ml WEXe: 7% 6 
BMP9-Conservation Tillage Sys 9,403 ac 93% CS 
BMP10-Stream Protection System -- -- = 
BMP11-Perm Cover on Critical Ar 44 30% 24 
BMP12-Erosion or Water Control 

Structures S 6% 5 
BMP1i4—-Tree Planting 3 ac 1% i 
BMP15-Fertilizer Management 31,643 ac 100% 81 
BMP16-Pesticide Management 38,083 ac 100% 81 


BMP17-Woodland Access -- — zeus 
BMP18-Water Quality Improvement 
Through Woodland Improvement-- -- == 


4.2 Cooperative Extension Service Activities 
Figure 4.2a and 4.2b 


Individual private wells are being monitored to determine 
Nitrate-Nitrogen levels in parts-per-million. 


5.3.6 Off-site benefits of RCWP. Impaired water uses existing 
before the project which are less impaired by 1990, or are 
expected to be less impaired in the future. 


6.1 Findings and Recommendations 


-The monitoring program changed considerably throughout 
the project duration, shifting focus from surface to 
ground water monitoring, with increasing emphasis on the 
vadose zone. 


-Long term funding was not secured for monitoring. 
Without Knowledge of long term funding, monitoring 
strategies were designed to provide useful information 
regardless of continued funding. A long term monitoring 
strategy was not developed at the beginning of the 
project, especially for ground water. The individual 
studies were not optimal for examining long term trends. 
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-There was very little understanding of the 
hydrogeologic system early in the project. As the level 
of understanding increased, several programmatic changes 
were made to the program. 


-Three laboratories all had consistently different 
nitrate results from the same water samples. 


-Vadose zone monitoring became necessary to more 
directly link land used with water quality and to 
understand potential ground water quality improvements 
within a reasonable time frame. 


7.1 Findings and Recommendations 
Stream 


-Long term stream monitoring sites should be established 
at both upstream and downstream sites. 


—Farm scale monitoring should be conducted in future 
studies to demonstrate water quality improvements from 
BMPs. 


Vadose Zone and Ground Water 


-Soil water samplers should be installed prior to BMP 
implementation at several depths. Monitoring should be 
scheduled for 5 to 10 years in the soil water samplers. 


-Over 10 years of ground water sampling should be 
conducted to evaluate ground water response to 
implemented BMPs. Ground water sampling should be 
focussed in the upper aquifer(s). 


-Point source problems should also be addressed in areas 
concerned with ground water quality improvement. 
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